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On the mo»l recent Ditturbanee 0/ the Onttl 0/ the Earth, in 
reipect to it» iuggetting an Hypotheth to account /or the 
Origin of Glaciert, By Sir G. S. Mackbmzii, Bart-, 
F.R.S.L. & Ed., &c. Read before the Royal Society of 
Edinbui^li oa the 7th March 1842. Communicated by the 
Author. 

The attention of geologists has for some time been directed 
to the present condition of the sur&ce of the earth, in a man- 
ner calculated to bring many new Jftcts to lights by means of 
a more careful examination of those already obserred, and 
irfaich have given rise to various speculations respecting their 
wigin. There may be perhaps too great a tendency towards 
attributing to a single cause the whole phenomena of a class. 
While the debacle theory appears adequate to explain a great 
deal in reference to transported materials, there exist obsta- 
cles to its general application not yet cleared away ; but, in 
regard to various local appearances, it is likely, when modi- 
fied, to stand its ground in special cases. The same remark 
may be applied to the glacier theory. Professor Agessiz gave 
up his idea of a universal glacier having existed, and having 
tieen elevated at the same time with the Alps, probably be- 
cause he could find no ori^n from whence such a coating of 
ice could have been derived. Some have appealed to astro- 
nomy for proof of the possibility of the surface of the earth 
having been at one period frozen ; sapposiog tiiat certain 
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2 Sir G. S. Mackenzie on the most recent 

slow but enduriDg forces may have produced such changes in 
the relatioufi of the earth to the sun, as would have caused 
great cold on the surface. But such appeals to account for 
ice — or, to account for a debacle, such an idea as that of a 
comet coming into ccdlision mtii the earth, suddenly changing 
its axis, and giving it a new equator, are scarcely to be admit- 
ted, while there renudos a chance of finding geological causes 
sufficient to solve our difficulties. Astronomical changes are 
slow, and I apprehend we need to find means for a sudden 
production of cold and ice ; for, when we contemplate the pre- 
sence, in regions beyond the tropics, of the remains of ani- 
mals which required a temperature Approaching to that with- 
in them, we see no indication of any but a sadden change. 
Hence came the notion of a catastrophe caused by a comet 

The cause which might have effected a redncUon of tem- 
perature in the crust of the earth, to a degree that would ac- 
count for the surface having been formerly covered with ice. 
or at least for the glaciers of Switzerland having, at a former 
period, stood much higher and extended much farther than at 
present, is yet in obscurity. It is with some diffidence that 
I venture to submit to the Society what has ocourred to me 
on this interesting subject ; but being persuaded of the im- 
portance of exciting the minds of others into a train of think- 
ing that may pertiaps lead to the development of ideas more 
'plaunble than my own, I do venture, in the hope that my 
conjectures may elicit from other minds something more sa- 
tisfactory. I have been anxious to discover wheflier any such 
effect as a considerable refrigeration of the surfoce, and the 
production of ice, might not have followed some of those dis- 
turbances of the rocky crust, which are so phunly indicated 
by the present relative position of the broken masses. 

The evidence that the glaciers of Switzerland have stood 
at a higher elevation, and ' that they had extended much far- 
ther than they do at present, seems to be complete. That 
their reduction in elevation and extent had been caused by an 
increasing temperature of the earth and the influence of the 
sun combined, can scarcely be doubted. I had therefore to 
look fint for some indications rendering it probable that the 
Mitb*« emt* witb iHervDW to tenperatore, bad )>een,pre- 



D,g,l,..cbyGOOglC 



Ditturbance of the Orutto/thi Earth. 3 

TioDB to tiie formation of glaciera, inaconditkmdiffwentfroi^ 
ite preBent one, and Bach as would bare admitted of some 
geological change adequate to produce such on alteration of 
that condition as might have originated glaciers ; and, second, 
for means of a gradual restoration to ttie first condition of 
temperature, such as mi^t bring about tlie changes that hare 
since effected a diminution of the elevation and extent of the 
glaciers. I will consider, therefore, — 

I. What the condition of the crust of the eartli probahl; 
was before the most recent disturbance occurred. 

II. The probable cause which brought about that disturb- 
ance. 

III. The effects which were likely to follow. 

1. It has been very generally supposed that the elevation 
of the primitive rocks into their present position has been 
caused by the invasion of granite and other matter which we 
find filling the veins which traverse them. This appears to 
have been a mistaken notion. We see lofty precipices, tho 
faces of which exhibit veins of granite traversing gneiss, and 
the granite flush with the rovk. Now, had the granite been, 
as is supposed, in a fluid state at the moment when the strata 
were broken and pushed upwards, so as to form precipices 
clear of the rest of the rock, the fluid matter must have run 
out of the spaces occupied by the veins. It is, then, an un- 
avoidable inference that the granite was solid at the period 
of elevation ; and that it is a mistake to affirm the force which 
drove the granite into the fissures of the rock to have been 
the same, in point of time, that gave to the masses their pre- 
sent disrupted appearance. The same observations apply to 
trap. Before precipices displaying trap-veins wwe elevated, 
the trap had invaded the rock and become solid. As we find 
trap cutting granite, we ascribe this to a period more recent 
thdii that when the granite was produced. We also find trap- 
veins catting older trap, and' these also must have existed be- 
fore the rocks wer« brought into their present position, so as 
to give to the earth its uneven and broken a^ect. As we do 
not find granite to-aversing trap, but observe numerous in- 
stances of trap cutting granite* it is obvious that the innsioa 
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4. Sir G. S. Mackenzie on the mctt recent 

of trap has been the most recent instance of matter having 
been protruded from below into fissures above. Many inva- 
uons are indicated by the display of numerous varieties of 
granite, and of one granite catting another ; and the same is 
the case with trap and other invading matter. The most re- 
cent of all these appears to have been that which filled the 
rents of the secondary strata and beds of trap with trap ; and 
this most have happened before the crust of the eartii was so 
displaced as to bring its broken parte into their existing state. 
All the matter in veins must have been solid before being ex- 
posed to view. It is not improbable that the invasion of pro- 
truded matter to a certiun extent disturbed the rocks into 
which it passed ; but it does not appear that this had elevat- 
ed the land to any considerable degree. It would rather ap- 
pear that, before the rupture was effected which gave to the 
aiu4ace its present shape, it was very little elevated. Hence 
the general warmth of the climate in the temperate zone, in 
so far as influenced by the sun, must have been greater than 
it is now ; and there seems to be nothing in the way of the 
supposition that the temperature of the crust of the earth was 
also greater from the influence of internal heat. These 
causes combined may have rendered, the temperate zone 
warmer by many degrees than it is now ; and it may have 
been habitable by those animals and plants, the remiuns of 
which, in certain localities, have caused much difficulty in 
geolo^cal specolation. 

With respect to the heat from the internal source, if we re- 
flect & moment, it will appear probable that it was formerly 
greater in amount, from a consideration of the phenomena 
which the most recent cataclysm has brought into view. The 
rents which we now see filled with protruded matter could 
not have been made by a ibrce sufficient to elevate the rocks 
in which they were made very much out of their original po- 
sition, because in that case the rents would not probably 
have been filled. It was necessary that the strata should still 
rest on the melted matter when Aey were broken, in order 
that the pressure (operating, perhaps, in some other locality) 
might force it into the openings, and continue until it became 
tfHi/if preveaUng > coUapse o! the Md«s of the fiamres. This 
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Ditlm^xmee efOte Crutt cfUte Earth. 5 

acces^n o( greatly heated matter iroold probably . if it did 
not increase the beat of the cnut, contribute to keep it up. 
And as it appears that hot matter had invaded the crust at 
many different epochs, before it was elevated into its present 
shape, it seems reasonable to suppose that the temperature of 
climate, in so far as the influence of that of the earth extend- 
ed, was considerable.* 

It may be said that, according to these views, the crust of 
the earth should have been acquiring heat from the interior, 
since the period of the last cataclysm ; but that we have no 
proof of this in the improvement of climate, but rather of 
the contrary. The only proof we can have, is the result of a 
long continued series of observatious recently begun, at various 
depths, in mines. For it is obvious there are causes inde- 
pendent of the actual heat of the crust, which operate in the 
regulation of climate. The causes of change in atmospheric 
temperature are as yet obscure ; and although we see cer- 
t^ eff^ts following certain apparent causes, such as boiste- 
rous and wet weather coming afler the appearance of the 
aurora borealis, we are yet ignorant of the mode of connec- 
tion between the phenomenon of the aurora and terrestrial 
influences. It appears, however, probable, that climate de- 
pends more on operations going on in the atmosphere than 
on the actual heat of the crust ; and that if these were ab- 
sent, and the heat of the cnut and the son's ra^ were left to 
exercise their jnflaence alone, our climate would be much 
warmer than it is. Hence I shoold not think it fair to infer, 
that because climate is deteriorated, the crust of the earth is 
not retoroiog to its normal state, aud becoming warmer. 
That change does take place in atmoE^heric conditions, ap- 
pears to be unquestioned ; but, as yet, no observations have 
been made, such as to ascertain the causes of such changes. 
Electricity has much to do, no doubt ; bat still, however nume- 
rous and remarkable the discoveries of its modes of operating 

* When we conndei the phenomenon of earthqaakes, it twina likely 
that «om« procMi is going od, aach m a partial tearing of tb« stiala, and 
the filling Dp of rents ; and ahould another cataclysm take place, such as 
again to l«eak Dp the crust, it is probable that a fresh system of veins and 
dykei will be exposed to view. 
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6 Sir G. S. Mackenxie on the mo$t r«eent 

have been, we w« yet ignorant, and probably will long oott- 
tinofl ignorant of tboee terrestrial conditions which appear to 
influence electrical effects, in alternately warming and refri- 
gerating the atmosphere. 1 make these remarka for the pur* 
pose of shewing it to be possible, that the temperate zone 
may have been warmer before the most recent cataclysm, 
which may have effected so great a change in the electro- 
magnetic condition of the earth as to create alterations in 
atmospheric conditions suflicient to counteract, to a consider- 
' able extent, the influence of internal heat and of the sun. 

2. It is evident that, before the disruption of the crust 
took place, there had been a vast exertion of expansive force. 
This increasfl of force had probably been caused by additions 
to the amount of vaporable matter collected and conflned be- 
twixt the crust and the greatly heated interior. When we 
regard the enormous masses of matter that have been thrown 
up from under the crust of the earth, as indicated by the vast 
BmouDt of granite and other protruded matter which we 
find among the strata ; and when we contemplate, not only 
the amount of trap in veins, but the very great extent of trap- 
beds heaped on one another, and forming lofty mountains, as 
seen in almost every quarter of the globe, and which are now 
generally admitted to have been sub-marine lavas, we cannot 
refuse assent to the propodtioD, that when all diese masses 
were thrown up, immense cavities were left between the solid 
crust and the igneous matter below. Such cavities would not 
be vacuous, but filled with v^orable matter, probably red hot 
water, and exerting an enormous expansive force. That this 
was the condition of things appears the more probable, as 
nothing has been noticed, at least so far as 1 know, shewing 
that when the crust of the earth was broken up any stony 
matter had been erupted among and over the strata. Had 
there been no elastic matter interposed between the crust and 
the liquid matter below, we might have been at a loss for ex- 
pansive force. Had there been any other power pressing the 
liquid matter upwards agmnst the crust, that matter would 
have been forced up like lava, and have filled hollows, where 
we should have found it. I therefore assume, as the ground- 
work c^ my hypothesis, that there existed, between the crust 
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Bod the hot fluid below, s vast amount of elastu matter greatly 

cranpreeBed, and in a hig'hly heated state. 

3. Now, let ui snppoM the ezpaanve force to have at 
length oTercome the resistance of the solid crust, to have 
broken it up, and to have elevated the Alps, as we see them, 
to heists beyond the line of perpetoal ooogelation. A vast 
amount of compressed elastic matt«r, escaping by sudden ex- 
pansion at the moment of the mpture, especially if this took 
place in the winter season, would be followed by two spedal 
effects. The first, &om the immense abstraction f£ heat by 
the escape of the vaporable matter would be a great refrige- 
ratiou of the broken masses. Their exposure to atmospheric 
infloence would also operate in reducing the temperature. 
The second effect would be, that the expansive iocce woold 
greatly accelerate the progress of the vi^Kmr (which we may 
safely assume to have been almost exclusively that of watw) 
into the higher regions of the- atmosphere, where it would be 
frozen, and in this state fall back upon the surface and ood- 
tribnte still more to its refrigeration. That which fell above 
the line of perpetual snow woold continue long nnaffected by 
sobseqaent increase of temperature in the crust. That which 
fell below it would soon become a mass of considerable thick- 
ness and solidity, bat which, in process of time, as the oust 
of the earth regained its beat from below, would gradually 
melt and disappear, leaving behind it thote phenomena whidi 
have given rise to so much disoossitm in onr time. Bendes 
tiie lai^ supply of v^ioor from the cavities in which it had 
been pent up, it does not require any stretch of imagination 
to suppose, that disruption of the crust would admit much 
water into contact with the hot matter below it, and that tiins 
a very large additional quantity of vapour would be formed, 
and ascend to the uppw regions, operating also as a refri- 
geratcv.* 



* At tlie time when thli pa^ was read, I waa not awara that Chsi|ieii- 
tier, in Ida ■■ Eand am lea OUdan," ftc printed U Laaaams in IMI, had 
propoaed this acceis of water to the hot portitm of the cnut, at the moment 
of ito mptnie, to occoont for the giigin of glaciers. I have used it only bb 
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If we Boppose the cataclysm to hare taken place in tin 
trinter season, we can imagine die whole of the Taponr Mling 
baclc on the smrface in a frozen state. If, in the sammer sea- 
son, that portion which might fall below the line of perpetual 
snow would be melted into rain, and then produce a fbrmid< 
able debacle. Indeed we can scarcely doubt that floods were 
produced to a great extent ; but whether existing phenomena 
indicate floods from this particidar cause remains to be ascer' 
tained. Without farther noticing thi^ matter, we can imagine 
that, whatever took place beneatb, there would be very large 
accumulations of snow above the line of congelation, such 
as might have given the now peaked Alps the appearance of 
a Gontinuons ridge. So that, supposing the cataclysm to have 
taken place at the most unfavourable season, and that rain 
and floods were part of the results of the disruption of the 
crust, still it would appear probable that such an accumulation 
would take place in the upper and frozen regions as would be 
sufficient for its subsequent descent, by its own weight and 
other canses, to a lower level, and for its extending so as eU' 
tirely to fill up the valleys in the vicinity. The refrigeration 
of the crust would also render the subsequent winter snows 
more permanent* We are familiar with the great amouut 
of snow which sometimes falls in ordinary eeas<H)B, and fre- 
quently enveloping living animals ; and we know the solidity 
which such masses acquire. We may, therefore, without dif- 
ficulty, conceive the effects of an extraordinary supply to have 
been such accumulations as may have given origin, not only 
to glaciers on high mountains, but to a covering of ice to 
the whole surface over which the cataclysm extended. The 
broken cmst, as soon as the cataclysm and its immediate ef- 
fects were over, would begin to recover its temperature by 
fllow degrees. The records made at the present day of the 
indications of the thermometer at various depths in different 
localities, if continued, will enable geologists to ascertain 
hereafter whether there be any increase now going on in the 
temperatnre of the crust. . Its elevation into its present shape 



* This baa alto been logi^ted by Chupentier, u well aa the probebilit; 
cf » inGCMuon of col4 huobs conttibuliiig to the amMameiit ^ice. 
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win, however, render it impoesible that the cUnute of die teta< 
perate zone should become wliat it was formerly. At any 
rate, the exposure of so greatlj extended a surface to tbe 
agency of the atmosphere will very much retard the restora- 
tion, and radiation must also have increased with the extent 
of Bur&ce. Hence it is probable that we cannot look for any 
great improvement of climate, miless atmospheric infiaence 
shall, by some great change, be rednced- 

If I have not erred in the assumptions I have made, we 
have thus a catastrophe sufficiently sudden to have envelqied 
living creatmres in a material which would preserve tiieir 
bodies for ages if floated to the Arctic Regions ; or leave their 
remains in a reg^n colder now than it was when they lived. 
Thus may the valley of tbe Rhone have been filled with ice, 
and boulders .tran^orted from the Alps to the Jura, and 
centres of diiipersion have been formed. We may find also tbe 
origin of the older diluvium, while preparation was made fi>r 
subsequent floods that have left various and, in some in- 
stances, apparently anomalous traces behind them. Agassiz 
may also be iin^ished with means to support his original in- 
ference, with this only variation, that he supposed the ice to 
have been formed before the mountains were raised, while I 
have supposed them first raised and then covered with ice. 

Tbe Society will now have perceived that I have momfied 
my opinions respecting the glacier theory considerably. But 
if I bad not found what I regard at present as a somewhat 
plausible bypothesiB res^iecting the means by which an icy co- 
vering wonld be produced geolo^cally, I should still have been 
in greater doubt than I am in now. While, however, I admit 
more fully the operations of ice, I do not give up the notion 
that tbe phenomena of the sorface require for their explana- 
Uon the joint action of fluid and of solid water. 
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On tite Cause of the Diminution of the fcUl of Bain at the 
h^ght above the ground increases. By James Dalhabot, 
Esq- Communicated by the Author. 

The feet that a rain-gauge, pkced In an elevated and de- 
tached situation, receires less rain than an exactly similar 
gauge near the ground, seems to have been first observed 
about seventy-five years ago by Dr Heberden ; and bas ^ce 
been abundantly confirmed, especially by the observations of 
Dr Dalton, by a long continued series at the Paris Observa- 
tory, and by those of Professor Phillips at York. 

The most generally received explanation of this curious 
fact is that which was ori^nally proposed by Dr Franklin, 
and subsequently, but independently, by Professor Phillips. 

This hypothesis is attended with several dillculties, one of 
which was suggested by Dr Franklin himself.* But perhaps 
the greatest objection to it is founde'd upon a feet well esta^ 
blished by the observations at York, and exhibited in the 
following small table : — t 



InCTement wbicli the jwi received nbilcj 1832-33 4.467 

iyiing between the upper aod middle > 1333-34 3.841 

laiit-gauge.tbKnighaheiglitoflSSfeet,' I834-3a 4.88ft 



IncKmcnt which the nin leceived while ^ igflg-Sa 3.003 

Ming between the middle rain-gauge, L j^gs^ ^804 

and the gauge on the ground, through \ i834-3fi fiftu 
a height of 44 feet. ' 

Total, 13.261 

It appears from this table that the increase which the run 
received during the last 44 feet of its descent, was almost 
exactly equal to Uiat which it received during the preceding 



es) vol. ii.. Letter from Di Ftsnklin 
t Beporls of the British Association for 1833, 1834, 183S. 
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169 feet, a result with triiioh it seems imponible to reooncile 
the condensatiiHt hypotheaia, except by supposing the hygro> 
metric condittoD of the atmoephere to vary with the height 
abore the grotmd, in some abrupt and unacconntable mamier 
not hitherto obserred. 

But though these difficulties attend the hypothesis of Dr 
Franklin and Professor Phillips, it ii to be remarked that 
they have no reference to the nature of the cause which it 
assigns, but simply to the d^ret of its efficacy. For, while it 
scarcely admits of a doubt that there is a condensation of 
vapour on tlie cold surface of each rain drop, and that thereby 
the rain is augmented in its progress downwards ; im the other 
band, the observed rate of augmentation is such, that it cannot 
be accounted for, without supposing the co-operation of some 
other cause. 

The object of the few fbllowing remarks is to suggest, as a 
supplement to the foregoing hypothesis, an additional cause 
of the increase of the rain as it approaches tiie ground. This 
supplementary hypothesis 'is as follows. 

From the ineqoali^ of the marks which the first drops of a 
shower of rain make upon any smooth surface, it is inferred 
that the drops themselves are of unequal size. But independ- 
ently of direct proof, it seems very unlikely that, in the original 
formation of rain, each drop should be exactly of the same 
size ; and, allowing the possibility of such an equality, it is 
still more unlikely that it should continue for an instant, since 
the slightest disturbance of their descending motion would 
cause many of the dn^s to coalesce. 

It is assumed, therefore, that even at the elevation where 
Hie rain is formed, the drops in the same horizontal stratum 
are not of the same size. If there were no air, each drop in 
sach a stratum would reach the ground at the same moment ; 
but since ui reality the spherules of run are resisted by the 
air, it fbllowB, irom well-known mechanical principles, that 
the larger drops will outstrip, in their descent, the smaller 
ones in the sune stratum, and will overtake those in the next 
lower stratum. But in penetrating this stratum, they will 
necessarily carry before them and coalesce with the drops 
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wbioh oppowd their passi^, and so will ctrntinne to pi«rce 

the BoccessiTfl Bfa«ta, and to aogment in size u tiiey ap- 
prosch the groand. 

It evidently follows from these considerations, that the lower 
any stratum is, the- larger will be the average mze of the dn^ 
composing it, and the greater will be the angmentation of the 
drops by which it is penetrated. 

This hypotheBJB seems to explain not only why Uie whole 
fall tS rain, but also why the increment received in falling 
through a given height, is greater the nearer the place of oh- 
servation is to the ground. It also explains why £he differ- 
ence between the indications of the upper and lower rain- 
gauges is greater in winter than in summer. For ss the total 
increment at any elevation will evidently be as some fimction 
of the spacta through which the run has fallen, that is, of the 
height of the cload, where it was formed, above the gauge ; 
and as the ratio of the spaces through which the rain descends 
to two gauges having a constant difference of elevation will 
necessarily be more unequal whed the clouds are low than 
when they are high, it fbllowB that the difference between the 
qnanttties of rain received by these gauges will be greater ia 
the former than in the latter case ; but Dr Dalton's table* of 
Mr Crosthwaite's observations, shews that the clouds are 
lower in winter than in summer; hence the hypothesis is in 
accordance with experience in this respect also. 



Obtenaticnt on the Defectt of Rain-Gauffeg, with deteripHon 
of one of an improved form. By Thokas Stitbnsom, Civil 
Engineer. Communicated by the Royal Scottish Society 
of Arts-t 

Altbovob Uie sutgect of the fall of run in any district of 



* DftlU>u>8 Heteonlogical E««myB, p. 41. 

t Bead before OraBajrAlScoUuhSode^ of Alts on UthUaidi 1841. 
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conntry is no doubt chiefly important with reference to the 
intereBting but uncertain science of meteorology, yet it often 
forms an indispensable element in practical questions of fre- 
quent occurrence. Thus it is interesting and important in 
relation to agricolture ; while its intimate connection with 
some questions of drainage and waterworks is well known to 
every one who is conversant with these departments of civU 
engineering. 

Having been incidentally led some time ago to inquire into 
the inconsbtent results of rain-gauge experiments, I came to 
the conclusion, that the great eonrces of error were the small- 
ness of the recipient surface, the rim, and the position of the 
funnel, which offering resistance to the wind, produce dis- 
turbing eddies, and cause also resilience and disperdon of the 
rain-drops. 

In order the better to contrast rain-gauges of the size now 
generally used with instruments presenting greater surface, I 
shall enumerate the difierent sources of error, pointing out as 
I go along the diminution of error which would in some cases 
result from an enlargement of the area, and adding such ge- 
neral remarks as may occur. I shalt thereafter describe a 
form of instrument which seems to me to possess several ad- 
vantages over those now in use. 

It may in tiie first place, however, be proper to observe, 
that although there is some diversity of opinion among the 
best authorities regarding the proper size for gauges, yet 
these instruments are almost invariably made of from 6 to 12 
inches diameter. I am not prepared to recommend any par- 
ticular size to the notice of the Society, more especially as 
convenience must in many cases be consulted ; but it seems 
probable, that the larger they are made the better, and fbr 
ordinary use they could be convenicntiy enough constructed 
of from 2 to 4 feet diameter, and of the form hereafter de- 
scribed. 

I. The first error which may be noticed, is that resulting 
from an inaccurate discharge of the rain, hail, &c., actually 
in motion, arising from the contour of the adjacent groand or 
from the altitude and exposed position of the gauge itself. 
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All recent experimenta have ebewn tbat tiie reeolte giv«n 
by a rain gauge are intimately connected Tnth it< height 
above the sur&ce of Uie groond, and have fully confirmed the 
somewhat unlocked for fact, that on the same place rain- 
gauges placed at different elevatioDi above the ground indi> 
mte very different foils of rain.* The higher the iostminent 
is placed abore the groimd, the less rain it collecta. It is 
needless to enter on a consideration of this subject ; bnt I 
may observe that Professor Stevelly's theory of an increase in 
the velodty of ^e wind as we aseend, appears to furnish the 
most satisfactory explanation of the phenomenon, the more 
BO as from experiments which I have made, it seems to follow 
that the mind ii the great origin of error ; that the ttronger it 
it, the let* rain it eoltecled; and that in calm weather, the ele- 
vation, at well at form of itutrument, are of little conteguence. 
But in whatever way thb question may be settled, there ia at 
least every inducement for : placing the gauge on the surface 
of the ground. 

Many opinions have been given as to the best locality for a 
gauge, and I suppose it is now generally admitted that an open 
plain is that which is most suitable. But as many who are most 
anxious to undertake these meteorological experimenta have 
no champaign country to resort to, but are obliged to have re- 
couneto small gardenplots,encuaiberedwithtrees and shrubs, 
assistance in determining the most suitable position for the 
gauge may in such cases be derived from observing the fall of 
snow. This observation should not, however, be made when 
the wind is strong enough to disturb the snow after being de*- 
posited. The spot to be adopted for the gauge is of course 
that on which there is generally, with the prevalent winds, the 
same depth as has fallen in the nei^bourhood. Observa- 
tions on the depths of snow at irregularities inr the ground. In 
valleys, uid on the sides and tops of moontains, seem likely to 
give us more accurate notions regarding the atmospheric cur- 
rents, on a knowledge of which so much depends. If, after 
&Us of snow unaecompanied with wind strong enough to cause 

* See Frofeuoi Phillips' B^vrts taA Fnfenoi Fwbm' orotdbaticau to 
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drift, a gaago has been found to have acted as a centre of at- 
tractioD, or the rererse, it may safely be coocluded that tliere 
mufit be someUiiDg wrong eitber in its position or constnio- 
tion. 

II. Hftving now considered the effects of different situations 
for gauges, the next error whieh may be noticed is only a pro- 
bable one, and is supposed to arise, if it does exist at all, from 
the suspended water being ctdlected into separate drops of run 
instead of being uniformly spread over the surface, in conse- 
quence of which it is possible that drops may fall without the 
rim, instead of being split by it, and the receiver he thereby 
robbed of that fraction of any one of these drops which be- 
longs to the area of tlie gauge. On the whole, however, this 
error may be considered a compensative one, and therefore 
entirely unimportant, at least in gauges of 2 or 3 feet in dis^ 
meter. 

III. The next error is peculiar to gauges placed on a level 
with the ground, and is occasioned by the current in pasung 
from its regular surface (where it meets with an uniform re- 
sistance) to the hole occasioned by the mouth of the gauge. 
This error is considered by some to be &c great- objection to 
large areas. It is not indeed easy to estimate what may be 
the effect of enlarging the area in this instance, but there 
seems to be no reason why it diould be greater proportionailjf 
with the large than with the small area. Perhaps the beat 
way would be to submit this point to the tnow'test, as a means 
of ascertaining whettier a proportionally greaterqoantity eaters 
a large than a small area, 

IV. Evaporation of the rain, arising sometimes from a 
few drops having rested upon the rim or funnel- of the gauge, 
and being there dissipated, is an error common to all gauges. 
It is by no means a very serious one, but it may certainly be 
augmented by increasing the size of the gauge, with the con- 
sequent diminished slope of funnel which would be necessary 
in order to reduce the cost of workmanship and general un- 
wieldineis of the instrument. But it might perhaps be les- 
sened by coating the funnel with coach varnish or with the 
line seed of the Lyc<4»odium or ^^b-fern, so well known for its 

D,g,l,..cbyGOOg[C 



lA Mr SteveoBon an the De/eiett of Satn-GaMget. 

singular property of repelling water, in diat respect resembling 
the bloom of ifresh cabbage leaves, on which the drops of rain 
or dew being prevented ftttm qireading, are always fonnd to 
preserve tilieir spherical form. 

V. The next error, like one fi)rmerly noticed, ie pecuHarto 
gaogee placed on a level with the ground, and is earned by the 
resilience or dispersion frtan the snrrounding ground of the 
rain and hul, which are thus made to fall into the receiver. 
Should there be grass growing close to the edge of the gauge, 
as is generally the case, there is the farther risk of drops lodg' 
ing among the blades of grass, and being afterwards blown 
into it 

Now a very few drops being blown into a small gauge would 
more materially affect the result than if the same number were 
blown into a larger gauge. By enlarging the edifice this error 
would increase nmply as the diameter, while the quantity of 
rain that should be collected would be increased as the square 
of the diameter, and thus the great advanti^e of large over 
small areas is in this instance rendered evident. 

VI. Resilience and dispersion, or the rebounding of the 
drops of rain, hail, &c. off or out of the gauge, arising from 
their impact gainst the rim or oblique sides of the tone!, 
is a serious evil in all forms of the instroment, and the loss 
occasioned in this way is, I suspect, greater thui is generally 
believed. By enlarging the orifice the error would be dimi- 
Dished in the same high proportion as the last. 

VII' The eddy occasioned by the rim catching the wind 
produces an error somewhat like the last in its extent, and it 
may be diminished in the same proportion by Mmply increas- 
ing the area. Sir John Leslie, in bis article on Meteor- 
ology, in the Encyclopaedia Britannica, has stated that there 
would be an advant^;e in having large areas, and describes 
the rim-eddj/ in the following words : — " We may suspect 
that the measure of the rain, hail, or snowy flakes receiv- 
ed by the ombrometer is not exactly proportioned to the 
extent of sur&ce which it presents ; for while torrents poor 
down from the heavens, an fddy plays about the rim of the 
basin, deran^g the regularity of the discharge.'' 
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This rim-eddy has been generally, and with jtutic*, con- 
sidered as a most formidable Boorce of inaccuracy. 

VIII. The last errors wbich may be noticed are due to the 
imperfections of form in the moutli of the gauge, errws in the 
graduation of the scale, or in other parts of the instrument, 
all of which will clearly be dimiaiahed by an increase ui the 



FrcHiL the above cmisiderations it appears that, by increasing 
the area, the tendency to ev^toration, by no means a very 
serious evil, is augmented, and perkapa also the error caused 
by the passage of the wind from the uniform surface of the 
ground to the ^>erture of the gauge. On the other hand, by 
increasing the area, there is a diminution in the ratio of the 
squares of the diameters, of the errors arising from the re- 
bounding and dispersing from the ground into the gauge, from 
the rebomtding and dispernng from the rim and funnel <mt 
o^the gauge, from the eddy caused by the rim and funnel ; 
and finally, although not in the same high prop<«^n. fcfou 
imperfection io form of the receiving month or other p^rts of 
the instmment. 

It is proper to mention, that in some experiments it has 
been found that the larger gauge gave a less quantity of rain 
than the smaller ; from which ciroumstance many suppose that 
the small gauge is more cMrect than the large ; but I think it 
only f^peara that in such cases the errors connected with the 
small gauge are in excess. It would not be proper at once 
to conclude of two gauges, that the one which gives the greater 
quantity of rain is the more correct, for it is quite possible 
that while tsa.9 gives the correct, aoother may give too high a 
result ; and as we do not possess the means of ascertaining 
which of the two instruments is the correct one. we must, in 
all cases, give the preference to the one whose /orm and cen- 
tlrucHon teem beit fitted for the ol^ect to be attained. 

Having endeavoured to shew the superiority of lai^e gauges 
over small, I shall now describe the form of instrument which 
appears to me to be best suited for tiie purpose. What I con- 
ceive to be its peculiarity is the gmtdlneat or rather the teant 
of a rim, and the advantageous position of the funnel. 

VOL, XSXIII. HO. tXV. — JVLT 1842. B 
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The mouth of tfaeinstrument which is recommended, le in- 
tended, as shewn in the diagram, fig. 1 (representing a gauge 
of the common size), to be sank to a level with the ground (A/ 
g i), which is generally considered the best position'by those 
who have experimented on the subject. On the top of the fun- 
nel (a b c), which has a larger mouth than that of the receiving 
area (d e), there is placed a zone {a d e c) projecting inwards 
about six or nine inches, thus reducingthe area of the receiving 
surfiice to the required dimensions. There is therefore exposed 
to the wind a very email rim (at d and e), while the shelving 
sides of the funnel come only as high as tlie bottom of the zone, 
and are therefore so far below the aperture of the gauge as to 
render it quite impossible for even hail to recoil in such a way 
as to escape out of it. To prevent rain from without being 
blown up the inclining side (as at ad or c e) of the zone, so 
as to pass over the edge into the gauge, as well as to fill 
up the space between the edge and the surrounding grass, 
a circular brush f d e g, about 3 inches wide, is placed so 
as to present it« bristles to the impinging rain, which sinks 
among them instead of recoiling and being scattered about. 
The wind, in passing from the grass to the receiving-hole, 
will, of course, meet with no inequality, aa the top of the 
bristles is on a level at once with the surrounding ^rass {hfg i) 
-and die edge of the zone. 

Fio. I. 




Fig. 2 shews the adaptation of this plan to a larger scale, 
in which case the brush is supplanted by bristles loosely ar- 
ranged on the horizontal copper plate, and fixed either with 
wires or resin, A thinly cut sod or turf might probably an- 
swer every purpose quite as well as the bristles. It ia sdviE^ 
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able also that there ahouhl be a small rim }th at ttb inch 
high fixed to the horiuMital pUte. 

Pio.2. 




The following very serious sources of error may be saiil to 
be neiu'Iy anoihilated by the instrument above described, viz. 
the well known eddy resulting from the obstruction offered by 
the rim and funnel »de8, resilience and dispersion of the rnin 
and hail drops from the rim and Amnel sides of the gauge, 
and similar resilience from the ground into the gauge.' 

Edinburgh, Janvary 5. 1843. 

Since the above was written, answers have been received 
from several of the light-keepers of the Northern Light-hontet 
to qaeriee sent ^em relative to the effects of higli wind on 
gauges. Besides their other duties the keepers duly register 
the results of the rain>gauge, one of which was placed at each 
station by order of the Commissioners of the Nivthem Ug^t- 
honses many yean since, who justly considered that in this 
way they would be enabled, in the event of a shipwreck tak- 
ing place, to ascertain more exactly the state of the weather, 
and at the same time render a valuable acquisition to science. 

The answers alluded to are of considerable interest and 
value, consisting of the observations of forty intelligent men, 
on the effects of wind in connection witli rain, bat I shall 
only give a few of the results obtained. 

The observations were confined to one month, and were 
made by forty-four keepers^ but owing to the late gales, re* 
turns have been received from only forty of them, of whom 
fitur considered that the accuracy of the gauge was not af- 
fected by the wind, while thirty-iix considered that it was. 

* I Mgret that I have Dot as yet been able pnctdcaU; \x> compare the re- 
■alts of tkis form of instiDiueiit with tbose comnonlf in naa ; bnt in a hail- 
Ehower to nbich tUo gauge was exposed, the aanoandiiig liristles a^eued 
efficiently to onsn-er tlio pnrpoae for which they « 
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Six clid not observe rain rebound out of tlie gauge, while 
twelve did ; »ix did not observe hail rebound, while twenty did. 

The following short extracts from some of these returns go 
far to shew the great tendency to error produced by the rim 
and funnel. The receivers of the instruments are elevated 
4i feet above the ground. 

Light-house, Inchkeith.—" When the wind (says the Light- 
Keeper's Return) is high, no snow, and very little rain, goes 
into it." 

Buchannett. — " When there is little or no wind, it is pretty 
near the truth — the more wind the farther from the truth." 

^nnairdhead. — " On the 21st (December 1841} it blew a 
gale, with snow and sleet, when very little, if any, went into 
it, and what went into it was soon blown out again, and there 
was no water in it next morning except a few drops." 

Tarbelnett. — " On the 21st there was snow, with strong 
breezes, and none rested in the gauge ; it all went right over." 

Dunnet Head. — " A part blows over that should fall in. 
On the 21st, in a gale with snow and hail, although we were 
three times at the gauge that day we did not see any snow or 
hail fall into the funnel ; it blew wholly over." 

Pentland Skerriet. — " It was a gale while it lasted, and the 
hail bounded ag^nst the/unne/ nearly 3 inches, and was carried 
away with the wind, so that little remained of this shower.^' 

Start Point. — " There is a great deal of hail, and some rain, 
iparki out." 

Cape Wrath. — (In a hail-shower) " Our observation was, 
that there was not one particle stopped in the gauge." 

Itland Glasi.^" We have frequently seen hail rebound out 
when it strikes near the top or mouth of the fiUer." « • * 

" It does not give a correct result in gales of wind. For 
example, on the 13th instant, we had the strongest wind with 
rain of any this month. I on that forenoon watched the gauge 
iVom 11 till 12, until perfectly drenched, and in that time there 
were but two parts in the gauge. The wind moderated at 
12, bnt the rain continued the same, and at 2 p. h. there were 
eleven parts in it." 

Ligtnore. — " When it rains, vrith strong winds, there is not 
a fair proportion enters, and a great deal more hail rebounds 
out than goes in. In proof of our remarks there liave been. 
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in some days of this month, heavy ehowen, with strong breezes, 
at which times we could distinctly see the greater part carried 
past." 

Ehitu of Jslay. — " During squallfi with rain, there u only a 
part of the mouth that receives the rain, a portion being quile 
dry,"* In hiul-showers a good deal rebounds and is blown 
away. 

MuU of Kintyre.~r" In gales some of the rain rebounds, or 
is clean blown away," 

Corsewali. — " While rain and hul fell during heavy winds, 
we observed both rain and hail rebound out again." 

Mull of Galloway. — " The rain has been seen to fly out 
after falling into the receiver, and there is always a great deal 
more in it when moderate than when windy." 

Point of Ayre. — " We have always thought that we got 
more with httle than with strong winds." 

(Mf of Man. — " We observed during squally showers, and 
are of opinion that a great part is blown past the top of the 
gauge." 

MicrotcopiceU Researches on the Conformity of Structure and 
Growth in Animals and Plants. By M. ScHWANK.f 

M. ScBvAKH'a discoveries muat be ranked among the most impoiUnt 
accessions Uist have been made to phjsiolog7.:{ Thej enable as to esta- 
blbb a theory of organisation and its development, an otjcct which has 
not previonslj bcea attained. 

Valuable observations and discoveries in ever; branch of ph jsiolog^ have 
not been wanting, and some of these branches have reached a high degree 
of perfection. Bat in relation to the primary foundations on which the 
science must be reared, some of them have been imperfectly ascertained, 
and others cannot be said jet to exist ; hence there is & complete want 
of connection among the inaolated observivtions that have been made. 

These bases or foundations do, however, exist; and M. Schwann in 
his work has now deduced from M. Schleiden's observations and hts 
ovrn, with as much perspicuitj as penetration, the most general conse- 

* Fart of the inelde of the gauge being di7, is, however, no proof of ioaccu' 
racy.— T. 8. 

t An extract pnljlisbsd hj Prof. Muller in th« Anlihifiir PMfiloIcglt. 

; The work of Sr Schwann is entitled " UatrMl-eplKkt IfnlerMuetange* Uter 
lOt liittrtliulimmiiiif In itr SlnHiir tm4 iltm Wachtllntm itr TMtTt ini I^mzM." 
Bsriin, 183t>. 
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quenoca which must go to form a theoiy of the organintioD and gtotrA 
of oiganiwd beings. Wc shall here present its principal fe&turcB. 
, The most recent diacoTeriea in the physiology of plante have demon- 
strated that the formation of tlie cellular tissue, the fibres, vesseb, and 
»pir»l vessels, is reducible to that of cells. The origin of cells has been 
illnstrated bj an important discoTei; of M. Schleiden'i) M Oiler's j^rcMe, 
1S3S, p. 137)> His starting point is vrhat B. Brawn calls the nucleus of 
the cell, vrliich M. Schleiden names,forthig reason, cytcblait. Its colour 
. is most commonly jellow, its internal structure granular. Schleiden has 
even discovered in the interior of the cytoblast a corpuscle, the corpuscle 
of the nucleus, which appears BomeUmes in the form of a spot, some- 
times nnder that of a hollow globnle. These cjtoblasts are formed freeljr 
in the interior of the cells among a mass of minute mucous globules ; at 
soon as thcj have attained their full growth, a very small transparent 
vesicle rises on their surface, which is raised above the cytoblaat lite a 
watch-glass above the dial-plale. 

In proportion as this cell enlarges, the cytoblast appears like a body 
enclosed in one of the walls of the young celt ; its wall, on the inner «de, 
is extremely thin, and, as it were, gelatinous; it can seldom be observed, 
and is soon absorbed with the cytoblast. The young ceUs ore free in the 
mother cell, and assume a polyhedral form by pressing closely against 
each other. Now this is in what M. Schwann's discoveries easentially 
consist, regarding the cells of animals, and the primitive confbnnity of 
stntctare between animals and plants. 

In the Chorda dortatit, of which I have long since demonstrated (^ys 
H. J. MuUer) the cellular structure, M. Schwann has found the nuclei 
of the cells; each cell oFthe Chorda dortoHt, of the Pekhate* fuiicux,^BS 
its len^cnlar cytoblast, applied agdnst thaintraior wall of the cell ; and 
we perceive in this small lenticular body one well defined spot, rarely 
two or three. In the interior of the cells of the Chorda dortoHt, yonug 
free cells are formed, as among plants. 

The primitive structure of the cartilages is, according to M. Schwann, 
entirely cellular. At the extremity of the cartilages of the branchioategiai 
rays of fishes, we perceive small polyhedral cells, closely pressed upon 
each other, and whose walls are extremely thin. These cells have a round 
granular nucleus. Towards the centre of the ray, we notice the parti- 
tions of the cells thicken more and more. Looking still further towards 
the baje of the ray, we cease Co perceive the separation of the cells, and 
there remains only the appearance of a homogeneous substance, in which 
nothing is seen but small insulated cavities; around each cell, however, 
there is a ring indicating a trace of the true cellular wall ; whence it 
follows that all the intermediate substance of the cellular cavities cannot 
be formed by the walls of the cells, but that the intercellular substance 
here essentially contributes to the formation of cartilage. This intercel- 
lular substance may be perceived even when the walls of the cells are 
still touching each other ; they appear under the form of a triangle, situftl* 
between three contigutHU cells, The formation of the cartilage here. d»< 
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penda, in part, upon the thickeniDg of tbe «■]!■ of the celle, Mtd P«tl7 
on tfao inteioellnlai mbiUnce. In the cutil^ea of the higher uiua*li^ 
the thiokening of the wallf of the celhi hu not been observed. The prin- 
ctpal DMM of the fntiue CftrtiUge appeu* to belong to the inteicelloUr 
matter, which compreheiidi msnj geoenttions of cartilaginoui cellf. 

We nuij obferre, in the branohial cattilegei of the l»dpole of PtMnttt 
Jiuetu, k mode of derelopbg the ceils nnslogous to tliat of pUnfai. Som* 
of these cells oontun simple nuclei, others contain smaller cells pioTided, 
inbkemanner, with a naclens at their internal wall, and bat little exeeed- 
ing in thickness that of this nucleus ; otherSi again, containing itiU Isiger 
cells than the latter ; so that we maj here find all the degrees of tnmsition. 

The mode of the Ibrmation of cartilage takes place, it would up' 
pear, without the partidpfttion of the vesseU, in a manner analogons to 
the growth of plants. 

With regard to ibe radiated corpuscles feorputeuln radiataj of the 
bones, which become apparent after ossiflcation, the mode in which their 
canals Me produced is not j-et verjr oleailjr ascertained. Acoordmg as 
we regard the cartilaginous oorpusdes as oaTities of the cells, whose 
walls, bj becoming thickened and confounded with the cellular substaaoe, 
would constitute the cartilage ; or, according as we conisder these cor- 
puscles as entire cells ; while the intermediate substance of the cavitiea 
of the cells would be nothing else than the intercellular substance ; these 
TBfs wonld be, aocmding to Sdiwann, either small canals penetrating the 
cellular caTities in the thickened walls of the cells, or prolongations of (h* 
cells in the mteroeUolar substance. In thd flnt case, these minute canals 
might be compared with the pwous can^ in the cells of plants ; in the 
second ease, the; would answer to the prolongations of these latter. t/L 
Schwann regards this last opinion as most likelj to be the correct one. 

Besides the formation of f oung cells in the interior of those alreadj 
exiadng, Schwann further diatingi^es, in animals, the prodnction of new 
cells ontmde of these, in a substance without structure, namelj, the egtO' 
NatUtBo. It is nsoally the nucleus that appears to be developed fiitt, 
and tiien the ceU around it. 

8 In man; animal tissuesnew cells appear on the outside of the cells alreadf 
formed. In one instance the cjtoblastema is interior, in another exterior. 

Schwann's observalions on the ovula, conudered as a cell, have fielded 
the following results :— 

The OTula, contained in the follicle of Graaf, is enclosed in a lajet of 
granules, which are cells having a nucleus on their inner bcei with one. 
or two smaller nnolei (oorpuscules du noyau). The cells originate in the 
liquid of the follicle of Gtuf, as in a germinative matter. It is easy to 
comprehend how these cells, possessed of independent lifo, beeome deve- 
loped when thejr arrive, along with the ovnla, in the uterus, ita order to 
form other tissues — the chorion, for example. 

The'orala everj'Wbere possesses an external membrane without stnic- 
tu», whethn it be the chorion or the vitelline memhfue ; tha V^uU, 
thetefoie, ts alw^ a cell. The vitelline cell inirioMi the nt«Uns, and 
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on Hb tntonal nubce the gntauiia.'aag vesicle, witb tbe getmiiuUiTe >poii 
If A« gsniuiuttive vericle be a jaaag cellj devdoped id the inteiioT of the 
TitcUine cell, it ii prolMblj the roost esMDtU element of the embryo ; but 
if thi) TBiiole ia the nuoleua of the viteUine cell, it loaea ita importaaee ; 
and, judging from the analogf with the greatei put of edlnUi niicld, it 
ahonld be at a latei period totallj ftbsotbed, or rather itill continue to 
eziat foe some time in atndimentarj'Btate, without coDBtitnting any thing 
essential. The solation of tbi« queation cannot yet be attempted. 

The riteUine globnles of the egg of birds conBist of cells of two BOrtB ; 
the Tttellme globules of the vitelline cavitj, of the nteUine canal and of Iba 
nuclenB, of the cicatdcnle {Ralmentritt') inclosing astillsmalleiLglobale. 
The odier cells are larger and contain a granulai matter ; water makes 
them bunt, and their contents are scattered on tbe outside. At first the 
fonng TitelluB contains only the vitelline cavi^ with its colls ; the tine 
Titellbe substance does not yet exist. 

In the somewhat larger OTulas of theovary, alayerof ayellowaubgtance 
exists aronnd the cells, itself summnded by a bed of cellular matter. 
The yellow matter of the vitellus is then formed between a roembranoos ez- 
tenal layer of cell* and the internal cells. The lenticuhr germ b com- 
posed of globnles of unequal size having giaoular etnitents. The geim of 
an tgg which has been sat on fourboun still contuns these globides. In 
about eight hours the extenid layer t^>peai8, formed of Tety pale cells, . 
without a nucleus, among which are fouiid globnlea of the genninatiTe 



In an egg of sixteen hours, the serous leaflet is formed of cells, some of 
which oontain a nucleus, and one or two minnte nuclei (nucleoluleaj. 
They con tun, besides, a liquid and very small grains, having a molecular 
morement. These cells, thennclens of which was observed by Valentin, 
soon assume the polyhedral form. The mooom lea-fiet is composed of 
cells, with a transparent liquid and grains. These cells, the outlines of 
which are usnaUy of a deep colour like those of the ceBs of the vitelline 
cavity, lie loosely in tbe midst of an inl^niellular substance, which con- 
stitutes their oytoblastema. ^Tho first rudiments of the embryo are com- 
posed in put of small cells without a nucleus, in part of pale cellular 
nuclei, iaelosing nncleolnles. 

H. Bohwann divides the tissues of Uie animal onanism, in respect to 
thrir originnl and cellular composition, into five classes. These are, lr(, 
independent and insulated cells, swimming in liquids, or simply situ- 
ate near each other and moveable ; 2d, independent {ttOMtieniig) cells 
strongly adhering to each other so as to constitute a tissue ; Srf, tissnes in 
which the walls, but not the cavities of the ccIIb, run into one anotiier ; 
itk, flivons cells, dongated in one or more directions, in ordei to form 
bseioles of fibres ; 6A, cells in which the walls and the catties are con- 
founded with each other. 

To tito vat,t CLASS belong the corpuscles of the blood, tbe vesicular na- 
ture of wUch Bchulti has demonstrated, whose nucleus ocmtinuM Msting 
against the walls, when they are distended by water, aa H. Schwann baa 
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lonuked, txA the ecaUnta of wliiA tern the ted oolotuii^ muMot. The 
Ifin^ntio ooipaMlea, of a nmooiu and pnnlent natnm, Bkewiae bdong 
to this cluB ; tl\ 4it then are odU with ■ nneleiu. 

The noeim cuw oomptekendi the conieoiu tiMoe, the pigment, a>d 
the otyvtalline ttaane. The cell* hb iodependenti BltbiHvh their intUi 
■ometiniBs dimppeir. 

1. fjrilMitini^^Thia a moat bequenlljr eompoMd of looaded cells 
with a nucleuB ntnated od theii ianer nuface, and with one or two 
nudeohilea. By tbeii nnkni thef amuse the polfhednl fecm. In the 
outei skin of the tadpole of tb« bog, Bohwann has leen two nueln in a 
cell, and one cell of the epitheliom, withanndena in aUife cell, whioli, 
according to Henle, doea not take place among the mammilbn. The 
cells of the epithelium maj aamme two other fbima derived from the pri- 
mitive globular fbrm ; the^ aie either flattened, with the nncleiu remain- 
ing in the centre of one of the aui&oea, or ebe theae flattened cella be- 
come elongated, aa Henle haa obeerred in regard to the epiAelinm of the 
Tesaeis ; joung cells arise below the old, and diminish in height in propor- 
tion as the; approach the sar&oe (Henle), where the cells beoome elon- 
gated in a cylindrical form, as has been noticed in the inteetinal nmena. 

%. C«U» ^f the pigment. — These have on their wall a oeUular nucleos 
which determines the white spot seen in their centre. The nncleus is 
osnall; provided with one or two smaller nuclei (nncleolnlea). Some 
pigment ceUsare lengthened in difierent directions, in the form <rf hollow 
fibres, and compose stellitbrm cells. 

3. Nail*. — The nail of a male f<etus when near its birth, is composed of 
supecimpoeed laj^ts, which are leas obvious on the lower side of the nail 
in proportion as we go nearer the root ; the hinder half of this portion 
eshibila no lajer, hot consists of polyhedral celb, having distinct nueld. 
The lamelln td the nail, treated with acetie acid, divide into plates, in 
whioh we rarely distinguish a nucleus. The polyhedral cells of the root 
change by flattening into small plates. This flattening should render the 
nail thinner in front; but itis probable that alayer of epithelium is formed 
beneath which equalizes the thickness. The corneous tissue of elawg is 
hkevTise composed, in the fietus, of cells analogous to those of plants. 

4. Ftathert. — The medullary substance of feathers is composed of 
polyhedral cells, strengthened by a nucleus in the young feather. We 
fiat see a finely gmnalar mass, in which are nmnerous small nuclei, some 
(^ them with a nucleolule : it is around these nuclei tliat the cells are 
formed. The latter are not developed in the mother cells, but in the 
neighbourhood of the organlicd matter of the feather which furnishes the 
cytoblastema. The fibres of the epidermis of the shaft originate in tbe 
cells of the epitheliom, which are large and flat, and have a nucleus as 
well as nudeolules. Tliese are long and flattened strira; from each 
cell spring nnmerons fibres, then all trace of a cell disappears. The 
bathe are fea^rs in miniature, the shaft secondary to the structure of 
the principal shaft, the batbules likewise composed of epitbdium cdls in 
jnxta-position, and pMeesaiDg a nucleus. - 
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' 6. CrgitaKiM bw.— The flbrei of the ciystallkie kna springs from oelUt^ 
discovered bjr Werneck (See the AteliireB of M^ei Ahnos, 1838, 258). 
In the cTysUlline lens of the ootnman fowl, after eight day* inoubatioD, 
no fibrei are yet foond, bnt oitlr rounded, pale ceUi, HKoe of which con- 
luin anuoleiu. At amOTe adraneed t>eriod, s few colb of larger dlmea- 
sions enclose one or two smaller nuclei. In the emb^o of a sow, aboat 
S{" long, the greater part of the fibres of the lena are elrekd; formed ; a 
portion is still unfinished, and a great number of cells likewise exist awfut-' 
ing theti change. The completed fibre* form a ball in the cenlie of th« 
lentille. The fibres oloeeet to each other are hollow elongaUons of the 
globules. At a later period, these fibres become garnished with deotated 
edges, as is seen in the dentated cells of plants. 

TiiiRP Cliss. 1. Cartilt^. (See page 22). 

Teelh. — The enamel of a tooth not yet developed, when treated bj a, 
weak acid, preaervea the same structure. The inner surface of the ena- 
melling membrane which surrounds the crown of the tooth is formed of 
khort fibres, with eix f&ces, situated vertically', Bo QuA each fibre of the 
cuamclling membrane corresponds to a fibre of enamel : they appear to- 
consist of elongated cells. In a recent state they cout«in a nucleus with 
a nucleolule; above them are situated rounded cells, adhering to th« 
cuamellijig membtiuiie, which is no doubt the joung state of the former.. 
The enamelBng fibres, properij so called, are probably separated frmn 
the enamelling membrane, in order that thej may become soldered to tbo 
enamel already formed, and omfy along with it. 

Tiie propec substanee of teeth originates from the fibres among whieh 
the deutary osnals occur. The pulp of a tooth is composed at Uie sur- 
fiioc of cylindrical cells, with a nucleus and nucleohiles, and of round 
cells in the interior. Schwann thinks that the superficial fibres change 
into the substance of the tooth. 

FousTs Class. 1. CtSviar (iMus.— The origin of the cellular tissue is 
the cytoblastema without structure. It produces in its interior rounded 
cells with a nucleus, which change into fibrous fusiform cells, enclogiog 
a round ot oval corpuscle, in which one or two dark points may be dis- 
tinguished. The nucleus rests agunst the wall of the cell. These cells, 
by becoming narrow at the extiemides, change into fibres. The points 
of the fusiform cells give rise to fibres which sometimes emit branches, 
and terminate by becoming transformed into a fascicle of extremely deli- 
cate fibres. The development takes place in the following manner : the 
division of the two principal fibres, which go off from the body of the. 
cell inabundle of smaller fibres, approaches more and more to that bod;;, 
so that, at a later period, the latter becomes the point where the fibrous 
fascicle takes its departure ; at a sliU later period, the fibrous fascicle 
springsdirectlyfrom the nucleus; lastly, the cellular body divides wholly 
into fibres, and the nucleus tests naked on a fascicle of these fibrei. 
The latter arc probably hollow. 
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.' Th« titXy cell* of the c«lhilar twtue of the fcetna have likewiM at first 
ft.Te^ ^sttnct erilnlkr tmcleiia. If the membnme of tfae cell 1m thin, the 
Btudeu ikea above the drop of &t which enetoMi this membruie, a cit- 
Qumitrace which doei not tak« place when it ia thick. The nucleui eon- 
laini one oi two nucleolalet. The &ttf cells of the ikull of joiing Red- 
oes (Ogprin** grglkropkUialmut, L.) hare Mmetlmu two nuclei dig- 
posed in the same manoei lebtiTely to the membTaoe of the cell There 
■Un eiiita hi the cellnlar tianie of the ttetoa a third apeuea of cella ; they 
aie Tonnd and pale, containing' a nnclen* at their wall, with one or two 
nucleolnlea, not prolonged into fibret, and encloainf^ no fatty natter, 
bat filled with amall gtaina ; thia gianuUr precipitate fint riiewi itself in 
the Ticinity of the nneleiu. The oellulai tissue of the fi»tus yields no 
geluUoa by boiling ; tfae decoetioa containe a substance Uke pyine, with 
this difiereiioei that the mnddy precipitate, produced by hydiocblorio 
acid, in the ease of the latter, disappears by an excess of ^t acid. 

2. Tfjsiie ^ Itndont. — The tendinous fibres derire their cells in tho. 
same manner as the fibres from the cellular tissue. 

3. Elaitie tifswe.— The medial tanio of the arteries of the embryos of 
swine, 6" long, contains many inmlated cells, some of them round, others 
tcrmiiukted by two or three prolongation*, which are again divided. On 
the inner nde we percdve the ordinary nucleus of the cell, with one or 
two smaller nuclei; we find, besides, an elastic tissue already formed. 
The ramified fibres of the elastic tissue, which are hollow, according to 
Pnrkinje, appear to come from their cells. 

Fimi CLAMkr— The following is the typo of fonnatioD is this class : 
first, then exist rounded or cylindrical cells, or else these are steUifi>nn. 
In the former case, die primitiva cells are placed one after atmther, and 
soldered t« each otber at their point of contact. The partitions are then 
absorbed, so that the primitive cells are changed into secondary ones. 
The latter increase like nmple cells. Buch appears Xa be the mode of 
formation of Uie muscles and nerves. 

In the seoimd case, the steUiform cells meet at their prolongations 
where they omte ; the walls are absorbed, whence a net-work of canals 
leenlts. 

1. JKuidet. — According to Valentin's observations, the primitive mua. 
cnlor bundles are formed of small grains, placed one behind another, and 
soldered together; the primitive fibres only come from the division of 
the bscicle into smaller fibres- Schwann has observed In the cylinders 
•f the primitive Euoides (tf a pig's fratus, abont 31" in length, a deeper 
border and an internal part, no doubt the cavity. In the clearest portion 
he could distinguish, besides some small granules, corpuscles ofa larger 
size, oval and flattened ; these nuclei often enclosed one or two other 
smaller nucld. They are placed at mote or less regular distances from 
each other, in the thickness of the cylinder and against its wall. Inmus- 
cl«s of greater age, bo trace of cavity coUld be seen, but the nuclei still re- 
mailed a long while visible, and ate situated in the thickness of the fibre. 
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although th«7 often project beyond it in the form of snwll enuneiiceB. 
(According to the recent obierT&tioDB of Kosenthsl, the nuclei of the muB- 
cles, even of an adultj-are not wholly effaced.) The muscalar Bubstance, 
pTOperif 80 called, of the cylinder, ia produced bj a aecondarjr deposit 
in the- interior of the canaL (The atructurelesa case of small prioiitiTe 
muscular fascicles, which I obeerred long since in insects, appears to be, 
says Huller, the remains of the secondary membrane of the cells.) 

(According to Valentin's last observations (^rcAio a/3fWer' 1810), 
there is to be seen in the blastema of the muscles, at first nuclei, with 
nuoleolules, which soon surrounded themselves with very delicate celk. 
These cells become elongated and arranged in lines like threads of a con- 
ferva. On the walls of the secondary cellular membrane, which thicken 
more and more, longitudinal fibres are produced, and the walla of the 
cells are absorbed, The muscular fiucicle then represents a tube, whose 
walls, proportionally thick, are formed of longitudinal threads, as trans- 
parent aa glass, and tbe interior of which encloses the nncld of the pri- 
mitive cells.) 

Each aervout fibre is a secondary cell, arising from the' union of the 
primuy cells provided with nuclei. Schwann believes that the wbita 
substance, which enters at a later period into the composition of the 
white necvoQs fibre which forma a continuous tube, tbe ribbon of Re- 
mack, is a secondary depont of the internal sur&ce of the cellular mem- 
brane. This white substance is in &ct surrounded by a particular mem- 
brane withoat structure, like the primitj.ve muscular fascicles. This mem- 
brane appears like a narrow transparent border, which is easily distin- 
guished from the deeper contours of the white substauce. This well- 
marked exterior definition of tbe boundaries prevents us, says Behwane, 
{corn regarding the membrane iu question as composed of a cellular tis- 
sue. Schwann has sometimes seen in the nerves where the white sub- 
stance is perfectly formed, a cellular nucleus disposed here aqd there in 
the edge of the exterior membrane. In the greg nervoui fibre*, the white 
substance is not developed. (According to Valentin, the cells of the 
eerArvI tubtiance, in young embryos, besides the granules they contain, 
and which will soon multiply, are surrounded by an enveloping mass. 
The commencing cell forms the nucleus, its nucleus the nucleolule, and 
the enveloping mass the fundamental mass of the ganglionic globule. 
When the cells have formed the nervous fibres, there are depotnted on 
the surface of the latter tbe nuclei of the cells, cellular fibres, and fibres 
of cellular tissue.) 

On the walls of the eapiliary veiielr of the larvie of frogs, we see the 
nuclei of cells at certain distances from each other. They are situated in 
the thickness of the wall, or on the inner face of the capillary vessels, on 
which they often form a prominent point. According to Schwann, tbe 
capillary vesseb of the embryo are probably formed in the following man- 
ner: some of the cells of the germinative membrane change into atelli- 
form cells by the prolongation of thnr parts. The elongations are ap- 
plied one against another, become aoldeted together, the wtlls wn ab- 
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BOTbed, . nnd a network of cuiali is formed of a yerj unequal thickaeu. 
The contents of the primary c«Ua, secondary ot composite, is the san- 
guineous liquid. (According to Valentin, the internal membrane of tlie 
capillary vessels is produced from elongated or ramiSed cells. The ex- 
terior fibres, as well as the filiform epithelium, originate from the cellular 
fibres, which are farmed and collected in masses on the exterior.) 

Valentin distinguishes in the ^motion oftUtatt a secondary deposit 
of enveloping substance; Itis obsemble in the gangUonIo globules of the 
brain and oerres. The primary oetl is produced along with its nucleus^ 
and then itself peifoima the function of a nucleus, bo that its nucleus be- 
comes the nucleolule, and the primitive nucleolules become nucleolules 
of secondary power. Around the cell is disposed a mass of grains, united 
by a transparent matter, and surrounded by a simple cellular membrane. 
In the egg, we see' new cells developed in the aoAat of the enveloping 
mass, which determine the formation of Uie vitelline globules, and other 
cells of still higher importance, and which, by their metamorphosis, hare 
a direct influence on the development of the parts of the embryo. What 
takes place in the cellular formation of the first degree, the deposition 
of a heterogeneous mass around the nucleus, is reproduced in the second 
degree, in the ganglionic globules and in the ^gg. for other details, re- 
ference may be made to Valentin on the deielopment of tissues (Jt. War- 
ner, Fhjittologte, 1339, 132.) 

We shall giTe, in conclusion, and always according to J. MQUet, a 
sketch of the principal results which Schwann has arrived at. 

The moat difierent elementary parts of animals and plants have a com- 
mon mode of development ; their origin is ^ways a cell. We first see a 
substance presenting no structure, and which Is found either in the inte- 
rior of the cells, or between the cells already existing. It is in this sub- 
stance that cells are formed, according to determinate laws, and these 
cells are developed in different ways In order to form the elementary parts 
of the organisms. In each tissue no new cells are formed, except in the 
points to which new nutritive elements penetrate ; whence the difference 
between the tissaes which contain vessels and those deprived of them. In 
the first, the nutritive fluid spreads in every direction ; here the new cells 
appear in all the thickness of the tissue. In certain tissues without ves- 
sels, the nutritive fluid is brought only to the inferior, that is, the internal 
or adherent &ce, as takes place with an epidermis. In cartilages, when 
ihey are still without vesseb, new cartilaginous cells appear only at the 
sur&ce, and then arrange themselves in a circle. 

The expression, increase hj /uxtapoHtion, is good when used to express 
the production of new cells, and not the growth of such as exist. The 
new cells of the epidenifis appear only beneatli the preceding. 

In both these cases the cells grow by intro-susception. 

Bones are fonnd, up to a certain point, in a mixed state. The cartilage 
is at first vrithout vessels, and the new cells are formed near its exterior 
aur&ce. When vessels are developed in the medullary canals, tbe fbrma- 
tion of anew cytoblnrt nnd new celts mny take place in part nt the sur- . 
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face of the bone, and in part aronnd these small roedullsTj canals. This 
explaiDB the dispoaition of the cartilage in tayen or platea concentric with 
the roiface or with the small medullar; caoals. 

The following, moreover, is the mode of the formation of cells : in the 
midat of a cytobluat, without stnicture or finelj granular, we see, after 
some time, rounded corpuscles develope theoiBelTea ; these are the nuclei 
aronnd wliich the cells are tbrmed. The nucleus of the cell is itself gra- 
nular, and either filled or hollow. From the nueleua first springs the cor^ 
pusele of the nucleus ; aronnd the latter n layer of a finely granular sub- 
stance is deposited ; the nucleus increnaes. Around the nucleus the cell 
is at last formed, by the deposition of a layer of a substance distinct from 
the surrounding cytoblast. This loyer is not rerj well defined at first. 
When once the membrane of the cell has acquired consistencj, it becomes 
extended by the continual admission of new molecules between those 
already in their place ; it is lengthened out, by this development, ^m 
the primitive nucleus, whence it follows that this nuclens remains fixed 
on a part of the internal surface of the walls of the eell. The formation 
of cells is nothing more, therefore, than a repetition of the mode of the 
formation of the nucleus, by means of whieh the latter is developed around 
its corpuscle ; only the formative activity is greater fa the development 
of the cell than in that of the nucleus. The membrane of the cell is ehc' 
mically difiercnt in the different kinds of cells ; and, in cells of the same 
nature, the chemical composition varies with age. According to Schlei- 
den, the membrane of the youngest cells of plants is soluble in water ; 
afterwards it is not so. The contents of the cells varies still more ; fatly 
matter, pigment, &c. In the interior of a cell, which is at first as trans- 
parent as water, there may take place by degrees a granular precipitate 
commenting round the nucleus ; on the other hand, the granular contents 
of a cell may dissolve insensibly. 

It is easy to see that cells are small organs In which reside the power 
that presides over absorption and secretion. On all absorbing snr&ces we 
find a layer of similar cells, which constitutes the epithelium ; they snr- 
round villosities, and may be compared to the cells of the spongioles in 
the roots of plants. In the excretory canals of glands we likewise find, 
according U> Hcnie and Purkinje, a layer of epichelinm cells ; the whole 
mass of the liver, and even the tissue of glands, without excretory canals 
(thymus, &c.), are likevrise formed of cells inclosing a nucleus'. 

According to Schwann, all the cells exercise a remote chemical action 
{metabolUdie) on the cytoblast, which deteimints the secretiont. Hie 
vessels conduct the liquid about to be modified ; the cells whieh compose 
the canals of glands are the modifying elements. 

With regard to the theory of cells, of whlclf Schwann has now laid 
down the principles to serve as a basis to a (jieory of the vegetative ftmc- 
tions of organized beings, I refer (says 3. Miillei), to the work itself.* 

* From Annates dos Sciences Nnturelles, January 1M2, p. I. 
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On the Comparative Evaporative Power of Coal and of Coke. 
By Akdrew Fyfe, M.D., F.R.S.E., F.R.S.S.A. Commn- 
nicated by the Royal Scottish Society of Arts," 

Iv a paper read before the Society last Session, I stated 
that the evaporative power of different kinds of coal, would 
in practice be found to l^e on an average as the proportion of 
fixed carbon ; for thoagh the gaseotu matter evolved from 
coal by application of heat is, or ought to be, consumed dur- 
ing its combustion, yet, as the gases during their evolution 
from the coal must absorb heat, they will by their consump- 
tion again supply to a greater or lesser extent that which 
they absorbed ; hence has arisen the idea entertained by many, 
that coke vnW give forth as much heat by its combustion — in 
other words, will evaporate as much water as will the coal 
from which it is obtained. Now, though the evaporative 
power of coal which contains volatile inflammable matter 
seems to be in proportion to the fixed carbon, it by no means 
follows that coal, and the coke which it will afford, will in 
practice have the same evaporative power ; and it was with 
the view of ascertaining whether or not this is the case that 
the experiments, the results of which I am now to lay before 
the Society, were undertaken. 

The coal used was that li-om Tranent, and the coke was 
that from the same coal, prepared on a large scale in the 
common way for brewers and others in the neighbourhood. 
Previous to the trial, they were subjected to analysis to ascer- 
t(un the proportion of volatile matter, fixed carbon, and ashes. 
The coal was as follows : — 

C«d. 

Moisture, ■ 13. 

Ooseoni matter erolved by heat, . . 94A 
Fised CaAon, ..... flO.l 
M\u» 2.4 

100.0 
This coal ought therefore to yield 62.5 per cent, of coke, 

• B«ad befoie tbe VajaX Scottish Society of Arts, Uarcb SB, lUS. 
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provided the whole of the volatile matter were expelled ; bat 
thiB is s^om done when it is prepared on the large scale. 
Accordingly, when subjected to analysis, the coke wafi found 
to yield inflammable gas by exposure to heat. It must also 
be horue id mind that cdie always absorbs moisture irom the 
atmosphere. The composition of the coke, as found in the 
market, was — 

Moisture, 3.5 

InflunmaUe matter evolved by beat, . 6^ 

Fixed CaibOD, ■ . . . . , 81. 
Ashes, , . 9.0 

100.0 
The gaseous inflammable matter was, therefore, in the coal 
and coke in the ratio of 34.5 to 6.5, while the fixed carbon 
was 60.1 in the former, and 81 in the latter. The proportion 
of ashes in the coke was greater than that afforded by the 
coal which yielded only 2.4 per cent. Accordingly, as 100 of 
coal gave 62.5 of coke, 100 of coke onght to have ^ven 4.5 
of ashes, whereas the quantity amounted to 9. 

In conducting the experiments with the view of ascertain- 
ing the comparative evaporative power of these fuels, I had re- 
course to the small furnace and boiler, with which some of 
the trials stated in my former paper were made. The boiler 
was of the waggon shape, with a returning flue, and capable 
of holding 50 gallons. The fire surface of the furnace was 
16 by 14 inches, and the surface of the boiler exposed to the 
fire was in all about 18 feet. The water supplied to the 
boiler was at the temperature of 42, and the quantity evapo- 
rated was, as formerly, ascertained by a glass gauge accurately 
graduated. The boiler being open, the evaporation was con- 
ducted under the natural, pressure. 

The trials were first made with coke,, so as to have the sar> 
face of the boiler exposed to the fire as clean as possible. It 
is unnecessary to give the resttlts of all the experiments. I 
select the following as the most satisfactory 
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Foteer of Coal and of Coke. 
Tabnlar View of the Working. 



Time. 


rated Id lbs. 


Cake lupplied 
■bout 1 lb. 
peTbonr. 


11 
19 

I 

3 

4 
6 
C 


M 
60 
60 
60 
60 
60 
60 




7hr* 


370 lb. 


501b. 



Id this tri&l, which lasted for seven hours, 50 lb. of coke 
were used, and ^70 lb. of water were evaporated from 42, and 
Vo" = 7.4 — accordingly, iat each lb, of coke consumed, 7.4 lb. 
of water were driven off in st«am. 

In another toial, conducted with equal care and for the 
same time, the result was very nearly the same. 

The coke used, it has been already stated, contained 81 per 
cent, of fixed carbon. Now, according to the experiments of 
Despretz, 1 lb. of carbon will en^rate 12.3 lb. of water from 
32, and the number of degrees of heat in the steam beyond 
that point is 1136 ; the water which I employed was at 42, 
consequently the degrees of heat in the steam beyond it were 
only 1126 ; the coke should therefore have evaporated only 
7.33 instead of 7.4 ; supposing the temperature of the water 
supplied to the boiler to have been at 32, 

and as 100 : 12.3 : : 81 : 9.96, 
accordingly, the coke ought to have evaporated 9,9C, provided 
the whole of the carbon were consumed, and provided also tlie 
whole of the heat evolved by the combustion were taken up 
by the water ; but the quantity was only 7.33, therefore there 
was a loss of about 26 per cent. 

Similar trials were then made with the coal. The follow- 
ing ia a tabular view of the most Batisfactory :— 
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Tine. 


W«ter evapo- 
rated in lb. 


Coitlabant 
Bll,.p,rhoat 


9 
10 
11 
13 

I 

a 

3 

4 
.ft 
6 

7 
e 


W 
40 
ii 
40 
48 
40 
40 
40 
4ft 
40 
,4ft 




11 hn. 


460 lb. 


821b. 



In this trial, which lasted for 11 hours, the coal used 
amounted to 82 lb. and the water evaporated was 460 lb. ; 
and Va* = ^-^l ; accordingly, for each pound of coal consumed, 
5.61 of water were evapocated ; but, as the water was at 42, 
the result would have been only 5.56, provided the tempera- 
ture of the water were at 32. 

In another trial the result was 5.8, or supposing the water 
at 32, it was 5.66. 

From the results of the experiments which have now been 
stated, it is evident that the practical evaporative power of 
coke is by no means so great as that of the coal from which 
it is obtained ; for, had it been so, a much greater amount of 
evaporation ought to have been procured. It has been stated 
that 1 lb. of coal evaporated in the iiimace and boiler which 
I used, 6.66 lb. of water from 32. Now, this coal yielded 
52.5 per cent of coke ; 1 lb. of the coke got irom the same 
coal evaporated 7.33 ; consequently .525 would have given 
only 3.84. 

It may be objected to these trials, that as the coal evapo* 
rated only 5.66 of water, the furnace was not well adapted 
for the consumption of fuel. It must be allowed that the loss 
of heat appears to be considerable, yet it was not much more 
than we frequently find in furnaces of steam-engines, with 
which it is considered a good result when 1 lb. of coal evapo- 
rates lb. of water. Besides, the b-ials were made not with 
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the view of aacertainiiig the actual amonnt of evaporation 
which could be obtained by the combustion of a ^ven weight 
of ftiel, but the comparative evaporative power, or, in other 
words, what can be done in practice ; consequently, if there 
was a loss of heat in the one case, there would be the same, 
or nearly the same, in the other. Considering the experiments, 
the results ofwhich have now been ^ven, in this point of view, 
viz., that 100 lb. of coal evaporated 566 of water, and that 
this coal j-ieided 52.6 of coke, — then, had the evaporative 
power of the coke been the same as that of the coat from 
which it was got, 62.5 lb. of coke ought also to have given 
the same amount of evaporation. But, in the trials, 100 of 
the coke evaporated 733, and 52.5 would therefore have given 
only 384, — making a deiieieney of 182 below that which the 
coal afforded. 

Z may here remark, that the result of the experiment with 
coal is another proof, in addition to those given, in confirma- 
tion of the conclusion which I deduced from the results of the 
trials stated in my former paper, viz., that the practical eva- 
porative power of bituminous coal is in proportion to the fixed 
carbon ; 1 lb. of carbon will evaporate 12.3 of water ; now, 
the fixed carbon in the coal, used in the trials just stated, was 
50 per cent. ; the quantity of water evaporated by the com- 
bustion was 5,66 ; it ought from the proportion of fixed car- 
bon to have been 6,16 ; the deficiency is only 0.5, thus mak- 
ing a very near approximation. 

Supposing thb position to be correct, it may very naturally 
be asked. Why does not coke also evaporate according 4o the 
fixed carbon which it contains \ Now, to this a satisfactory 
answer can, I conceive, be given. In coal there is bituminoiu 
matter, which, before it is inflamed, must assume the gaseom 
form, and must, therefore, take up a part of the heat evolved 
by the combustion of the fuel previously on the fire, part of 
which it may again evolve by its own combustion, and thus 
supply that necessary for the draught ; but, in coke there is 
very little of the gaseous inflammable matter; that in the 
coke I used was only 6.5 per cent. Now, though this would 
absorb very little heat during its volatilization, it would of 
coarse give forth little by its combustion; hence a part. of tliat 



36 Professor Bronn on lome Geological and PAyiical 
evolved by the fixed carbon may be necessary for maintwi- 
ing the draft; for, let ns suppose the coke to be pure carbon, 
we never could expect that in practice it would evaporate to 
the full extent of what it is calculated to do, for, in that case, 
QO allowance whatever would be made for loss of heat to the 
walls of the furnace, and more particularly, for that, which it 
is well known always passes off with the gaseons products of 
combustion up the chimney. 



On some Geological and FUj/steal Consideraiiong connected 
icith certain portion* of the Glacier Theory of M. Agateiz. 
By Professor H. G. Bronn of Heidelbei^. 

The remains of fossil elephants seem to present an incon- 
gruity in the theory. As these reniEuns are contained in the 
diluvial strata elevated by the Alps, the animals must have 
lived and perished along with their contemporaries at the 
period of the formation of these strata ; and, as they occur in 
a state of good preservation in the Siberian ice and frozen 
soil, it must also be assumed, that these animals were still in 
existence and were suddenly annihilated and enveloped in 
ice at the time of the suddenly occurring cold of the ice pe- 
riod, therefore not till after the formation of the diluvium, 
which could not have Ireen likewise caused by this cold. 

With this subject we must here connect the questions, — ^if it 
be actually susceptible of proof, from these remains of ele- 
phants, that such a refrigeration of Uie temperature of Siberia 
took place at that time ? — if, at the time when the elephants 
existed, it wasactually so much warmer in that region ! — and 
if the supposed cooling must have taken place so suddenly ? 

In the first place, the occurrence of living species of ele- 
phants iu warmer regions is no proof that extinct species re- 
quired as warm a climate. At the present day, we still find 
various spcdes of the genera Ursus, Omis^ Cervus, and Bog, 
distributed throughout every zone. Cuvier, also, in reference 
to the former climate of Siberia, directs attention to the fact, 
that the species of elephants enveloped in the Siberian ice 
bad by no means a naked skin, but was provided with a cover- 
ed. OC^ I C 
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ing of three kinds of bsir, one under the other, and hence was 
more capable of inhabiting colder regions than are oar living 
species. Even at the present day, among the Tungouses, the 
camel of the hot deserts is associated with the rein-deer of 
the northern icy regions as a domestic animal. It has, how- 
ever, been said, on the other band, that the incalculable num- 
ber of elephants whose remains are buried in Siberia could 
not possibly have found sufficient nourishment there. But wo 
must remember that these remains have been buried very 
gradnally during the course of thousands of years, and there> 
fore by no means indicate a very numerous race. In sum- 
mer, moreover, the soil is by no means so unproducUve as is 
generally supposed. Even where it is frozen to a depth 
of several fathoms, large trees take root in it, for in sum- 
mer it thaws to a depth of Irom 2 to 16 feet. Around 
■ Jakatzk itself, where the mean temperature is — 7i° C. (about 
+ 20° F.), and where the soil is frozen to a depth of several 
hundred feet, there is a considerable quantity of fruit, and 
the rearing of cattle flourishes ; woods of larch cover the 
mountain acclivities to a height of 2400 feet above the level 
of the sea.* But Jakntzk, though it lies much to the south, 
is still nearly in the same isothermal line as those coasts of 
the Icy Sea which are so rich in remains of elephants. It 
will, however, he said, that elephants, at all events in 
winter, could find little nourishment in these regions ; but 
the answer to this is, that, like so many other quadmpeds, 
they might have wandered to the south at that season. Like 
the bears of the Polar Sea, the land-bears of America, the 
sqnirret (Sciurut Carolinianusj of America,t and like the 
lemmings of Scandinavia, which at the he^nning of win- 
ter regularly migrate in armies of thousands, so might the 
elephants have done, for they are otherwise well known to 
be animals that perform extensive wanderings. But do 
not the excellent preservation of the ivory in the soil 
of Siberia, tiie envelopment of the elephants with their 6esh 



.* See Erman, in hit iotroduction to the " Arehiv/ur matntchoftiMie Kunde 
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und hair in Hie ice-blocks of the Polar Sea, prove at leut 
that these animals must have been suddenly surprised by the 
cold, inasmuch as ander other circumstances the portions of 
their body would have been subjected to decomposition ! But 
the number of perfectly frozen individuals is but small com- 
pared vrith the whole amount. The bodies of these few, per- 
haps the last of their species, could easily have been transport- 
ed from the localities, for them but partially habitable, by 
means of floods of impetuous rivers, to the Icy Sea. I will 
not, however, have recourse to this hypothecs, but vrill con- 
fine myself to the peculiar constitution of the country. Sup- 
posing that such animals were there destroyed by floods, by 
sinking in marshes, &c., during the summer season, and that 
they sank in these waters to the greatest depth to which the 
soil is thawed in the middle of summer, they would suffer but 
little by being kept at a temperature near the freezing point, . 
under water which in a few weeks was agun frozen. I may 
here notice that, in Great Britain and in North America, not 
only skeletons of species of deer with gigantic antlers, but 
also elephants, have been found in such a state of preserva- 
tion and such a position as to shew plainly that the animals 
must have sunk in the marshes and moors. If the icy soil 
was thawed to a greater depth during a succeeding summer, 
the only consequence would be that they would smk deeper 
into it, and would thus be more protected from decomposition 
in the following seasons. Lastly, if, probably in consequence 
of the very phenomenon which caused their destruction, they 
were covered with accumulations of sand and mud, which ele- 
vated the surface of the soil,* the melting point would thus 
rise in the soil, and the height to which it always remained 
frozen would increase ; the destroyed animals would thus be 
for ever protected agmnst decomposition. Thus, then, it is 
precisely this, at first sight, remarkable fact, which least of all 
indicates a diminution of temperature, or a sudden and un- 
usual cooling of the earth's surface. 



* Thus, it appears from aathors, that the toil of Siberia ctniBiali in man; 
placea of allomating layers of ice aad fntzeu sand,— « wcnawtance wbick 
plunly iadicatei Huch an occurence. , 
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A sadden and pretty extensive cooling of the earth afiter 
the existence of the elepbanta is therefore b; no means proved 
by the occurrence of frozen elephants in the Siberian ice^ 
and is just as little required for the explanation of this phe- 
nomenon as for that of erratic blocks. We should, however, 
meet witb much greater obstacles were we to inquire into the 
cause which could have produced such a refrigeration. From 
the theory of a gradual cooling of the earth from a red-hot 
condition to its present temp^ature, with which the hypothe- 
sis coincides in other respects, we can only, apart from local 
- modifications, deduce a constant decrease of temperaturei and 
there is also no other astronomical or physical cause by whicl^ 
an interrupted and intennitting diminution can be explained. 
Without our being able to asagn such a cause, the hypothesis 
is not in any one point sufficient. It requires not only that 
the temperature of the earth should have fallen, but also that 
it should afterwards have been elevated ; and not only is it 
necessary that this inexplicable occurrence should have taken 
place at the end of the tertiary period, but also that, after 
each of the five geological periods usually assumed at present, 
such a great sudden diminution of temperature should have 
destroyed all life, and that then the heat should have again 
increased, and awakened new beings, in order to continue at 
an equal height during the next period. In the work of Agas- 
siz, we find only two attempts to establish this incorrect and 
unnecessary theory. On one occasion, he remarks generally 
(p. 306), " Nothmg &voura the idea that this diminution of 
temperature was ^adual ; on the contrary, whoever is accus^ 
tomed to regard nature in a physiological point of view, will 
j%ther be inclined to assume that the temperature of the earth 
was lowered by successive steps, and was again somewhat ele- 
vated," &o. But the whole refrigeration theory, the whole 
foundation of our present geology, which the ice-period hypo- 
thesis itself recognises, is in favour of the gradual coolmg; 
horn it no other mode of cooling can be deduced, and the kind 
.of argument used by our author on another occasion, " no- 
thing favours the idea," may with truth be directed against 
his own Euipposition. At another place, p. 295, he says that 
it was the elevation of the Alps out of the immeasurable 
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covering of ice " which i^un Buddenly altered the relations 
bf the climate of Switzerland, and gave rise to those freqaent 
oscillations and variations in the ice-crust of Switzerland 
caused by the alternations of season and changes of weather." 
But if the elevation of the Alps could have had an isflnence 
on the climate, that can have been only local, and not one 
destructive of the icy envelope of the whole Qorthem and 
temperate zone ; and it can only have bad a refrigerating in^ 
fluence and not a heating one, because we still perceive that 
thus Switzerland became an actual repository of eternal snow 
and ice, vmder all circumstances, in the midst of the tempe- 
rate zone, and operated with a refrigerating inflnence on the 
surrounding countries ; and therefore Charpentier* has cor- 
rectly assumed for his theory that a former greater elevation of 
the Alps may have been the cause of the former greater extent 
of the glaciers, — a supposition which we &nd answered by 
Agassiz by the argument that " nothing favours the idea" (p. 
381). There still remain for us, then, two investigations in 
relation to the theory of the ice-period ; that as to the last- 
mentioned question, viz., if really there is nothing to support 
the notion of a former greater height of the chain of the 
Alps ; and that as to the actual causes which are capable of 
explaining the alterations of climate since the formation of 
the diluvium. 

If the Alps rose in a burning Uquid condition, as is assumed 
by Agassiz, there can be no doubt that originally they actually 
bad a greater height than they have at present ; and this be- 
cause every body expands by heat, and contracts by cold. I 
shall only adduce the observations of Professor Bischof, trom 
which it appears that granite, in its passage from the liquid to 
the crystalline state, is contracted by 0.25 of its volume. At 
the time when the Alps were covered with a crust of ice, their 
surface must, it is true, have been completely cooled ; bat this 
did not prevent their interior being still in a red-hot state, 
and their nucleus being liquid ; just as we find Etna and many 
other active volcanos covered with eternal snow. In this 
way, however, the largest portion of the contraction mu6t'pr«- 

• Jairinieh, 1B37, p. tJU 
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Vioiuly have taken place, or at least the hardened outer cnut 
could no longer follow completd; the contraction of internal 
nncleoB. Bnt, as according to Fox, granite, from its red-hot 
condition down to the usual temperature, contracte by about 
0.02, this would, in the case of Mont Blanc, amount to 300 
feet for the portion projecting above the level of the seai 
without taking into consideration that greater elevation of 
temperature and expansion of the portion of the va^t crust 
of the earth on which the Alps rest, which must necessarily 
have been combined with this eruption, and which must, in a 
great measure, have existed after the cooling of the mountain!, 
and mtbout including the expansion of the merel; elevated 
Neptunian strata. That, further, the sinking of a newly 
formed range of mountains, produced by the agency of fire, 
can be still measured within a short period, when that range 
is susceptible of being covered externally with snow, is proved 
by Bonssingault's report on the Andes, in which chain the 
mountun of Quagu^ichincha, near Quito, though now clear 
of snow on its summit, was covered with so much a hundred 
years ago that the French geometiicians were interrupted in 
their labours ; the volcano of Pnrac^ also, near Popayan, ac- 
cording to the assertion of the inhabitants, has its snow line 
nearer the summit than formerly ; and, according to the 
measurements of Boussingault, Quito, Popayan, Santa Fe de 
Bogota, and the Meierei of Antisana, are not so high now as 
they were found to be thirty years ago by Caldas and Hum- 
boldt. These portions of the Andes consist of trachytic rocks, 
which ccmtract only by 18 instead of 25 per cent. We are, 
therefore, rather entitled to say, that nothing favours the sup- 
position that the Alps have constantly possessed the same 
height above the level of the sea since their elevation. 

Nevertheless, it is not my intention to deny all diminution 
of the temperature of the earth's surface, or even local altera- 
tions of temperature since the disappearance of the elephants. 
As, however, it was only in the last period of the earth that 
the temperate zone could be more and more distinguished 
irom the hot, and the cold from the temperate, a degree of 
laedlum temperature was thus so unequally distributed over 
1h« Surface of the earth, that such a temperature would-oot be 
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perceptible in the hot zone, but little in the temperate, and mosfc 
of all in the cold zone, where it would operate most powerfully 
in winter and at night, so that a degree of diminution of the 
mean temperature of the whole earth, distributed in the man- 
ner indicated, must hare made the winter at the edge of the 
Polar zone several degrees colder. At all events, therefore, 
since the period of the disappearance of the elephants, the 
alterations in the temperature of the earth, taken altogether, 
have been limited to the increase of the cold of the winter 
und of the nights in higher latitudes, which had, as a conse- 
quence, an increase of snow and ice towards the Pole and oa 
the mountains near it, and also an indirect action of this ice 
on the temperature of the region, and especially on the 
L'hangeable nature of its summers. 

If, however, these alterations of temperature should net he 
sufficient to explain the phenomena connected with the early 
glaciers, the intervening local alterations of temperature ren- 
dered possible by continental elevations and depressions, by ma* 
rine and aerial currents, and by the local coolings of the crust of 
the earth, and also, according to all the indications afTorded, 
the enormous length of the period of thousands of years which 
elapsed during which similar local phenomena could affect all 
parts of the temperate and cold zones, are more than enough to 
account for them, when we reflect that these local phenomena 
have even now the restdt, that in our hemisphere many such 
places which are separated from each other by from 20" to 25° 
of latitude, come under the same isothermal lines, and have a 
similar mean temperature, while, on the other hand, there are 
places lying in the same latitude which present a diff'erence 
of mean temperature of from 10° to 12° cent. (18° to 21°.6 F.). 
nay, of even 17° cent. (30°.6 F.), and when further we rcr 
member, that even in the historical period, during the h^ise 
of from 200 to 300 years, Greenland {GronJand, formerly 
GriLnland) has been subjected to such mighty alterations, titat 
it has now become almost uninhabitable. What consequences 
woidd be produced on the climate (supposing the heat 
of the sun to remun the same) by a permanent increase of 
the yearly fall of snow in Switzerland, ciwsed by any geogra- 
phical change-^ AnA if we think of the fact t^t the qwut- 
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tity of rain in the Alps northwards jrom the terminatioii of 
the Adriatic Sea, ezc«eda several times that of uoy other part 
of Europe, it will be evident on what accidental circumstanceB 
each an increase may depend.* 

In conclusion) it still remains for me to discuss a subject 
connected, in many respects, with this matter, viz. that of 
geological periode, of which five have lately been generally 
adopted. These I have in my LethHa designated by the names 
Carboniferons,Saliferou8, Oolitic, Cretaceous, and Molasee(jroA- 
{en, — Sah, — OolUh, — Kreide, — and MoUuse-perioden.) This 
Period edifice, the ofispring of limited observations on con- 
tracted suriaoes, already totters in all its suppcMrts ; but, never- 
theless, it is still necessary to sustuu it and to bolster it up, aa 
the erection of a new and better one is probably not so easy, 
and as the old one stUl affords us a welcome point of departure. 

The refngeration theory of the earth does not admit the 
assumption of an interrupted cooUng by successive grada- 
tions, or even (as Agaseiz supposes) an undulation of cool- 
ing of the whole earth by simultaneous elevations and depres- 
sions. Thus neither refrigeration nor any other given cause 
a£R>rd8 us the power of assuming sharp boundaries between 
different periods, or of adopting the consequences which 
are thus deduced, and eqtecially in regard to their ani- 
mals and plants. These undoubtedly became changed, bat 
that in a continuous and gradnal manner. We must, on the 
contrary, whatever theory of the formation of the crust of the 
earth we may follow, admit that the Neptunian strata, which 
we arrange into groups, formations, and periods, could not, 
individually, have been deposited simultaneously in an unin- 
terrapted manner, and with similar mineralogicsl characters 
over the whole surl^u^ of the earth ; that rather a number of 
local modifications in the formation of strata, caused by the 
relaticms subnsting at that time between the land and water, 
must have occurred, which were everywhere different ; that 
there were also many strata here and there destroyed, and 
that, consequently, no petrographical or geolo^cal character 
avfulable for the distinction or separation of groups of strata 
could extend to the whole surface of the earth. Neither, there- 
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tote, have tiniTersal well-defined divuions existed in tlte history 
of the formation of Neptunian products, nor hare mariis of 
Bucb been left for as. This conseqaenee, so very easily de- 
ducible irom the hypothesis of the formation of rocks, was for 
a long time not drawn , at the period when appearances seemed 
against it; and because, in sciences of obserration, facts have 
so frequently overturned conclusions much too hastily formed, 
and soon afterwards individuals have been so fortunate as to ex- 
plain the contradictory facts as a necessary consequence of the 
same hypothesis by means of new kinds of reasoning. When, 
therefore, I now assert the necessity of giving up the sharp 
distinction of geolofpcal periods, this is not the consequence of 
a preconceived theoretical opinion, but because the proofe of 
the opinion are already in existence. 

At no period was the whole surface of the earth entirely 
sea, and at no period was it entirely dry land or in a marshy 
. state ; bnt many parts have been often in both conditions for 
a time or alternately. When a portion was continuously covered 
hy the sea iw a period not too short, the deposits then formed, 
and their contents, would remain of a uniform character, or 
only gradually become changed. If, in connection with such 
a state of things, another portion in the vicinity was covered 
by the sea at the banning and the end of the period, but 
was dry the intervening time, there would be an abrupt in- 
terruption between the two deposits ; in short there would be 
the same distinction as between the earlier and later deposits 
of the first mentioned portion, but without the intermediate 
links. If, in the first region, a violent current destroyed a 
part of the already formed connecting links, a similar bnt 
even more distinct interruption would arise, because the re- 
maining positive traces of the destruction would become 
blended together. Events such as the two last, have no donbt 
occurred on a very great scale over central Europe, and these 
have given rise to the adoption of the id^ of the distinct se- 
paration of the strata of the crust of the earth into five peri- 
ods ; perhaps, also, in many cases, the concealment of the ac- 
tually existing intermediate strata in less opened up depths of 
the earth has contributed to the belief. Extensive mountain 
.elevations likewise, with a high inclination of strata, on which 
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horizontal strata have been deposited, have also afforded 
proc^ of bonndarieg. When, however, we become more ac- 
curately acquainted with snch concealed portions of the inte- 
rior of the earth, or with tbe more remote parts of tbe sur- 
face, these local blanks will more and more disappear, and 
others will occur where previously only uninterruptedly gradu- 
ating series of strata were known.* Supposing that geology 
had been developed in another portion of tbe earth than cen- 
tral Europe, entirely different divisions into periods would 
have been the result, and with just as much incorrectness in 
relation to the whole. There is still, however, no doubt the 
distinction, that in the first period of the deposition of the nep- 
tunian rocks, the temperature was higher, and was therefore 
more uniform over the whole surfkee of the globe, so that the 
living beings on the earth and the remains derived from, them 
might have a uniform character ; and that at that time also 
tbe continents, probably less elevated and extensive, might 
have presented a less interrupted continuity than at present 
of the strata formed Jinder the water. 

In my Leik&i Geognottica, I have aheady given a list of 
such species of wganisms as are common to different periods, 
and I shall not return to it now, as here I have more to'do 
with the strata of rocks than with the species of petrifactions. 
While I willingly admit that, by a more minute examination, 
many of these species may be divided into two, or may turn 
out to be incorrectly determined ; yet still the number of such 
common species has since been much increased, notwithstand- 
ing that much more careful determinations are now made, 
and De Vemeuil and D'Archiac have prepared mwe exten- 
sive lists, 

I. Regarding the boundaries between the present time and 
the molasse period, it is known that there are tertiary deposits 
which have 0.95, 0.90, 0.80, 0.50, 0.020 of their fossil species 
that are common to the living creation, and though some 
intermediate links are still awanting, yet these will yet be 
foimd. Here, therefore, we can hardly assome any real limit. 

* Cenatut Prerort Ukewiie vxgKites lli« suae t^iafam. 
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The obserrationa nitide aa to the remains of extinct -aniinf^s 
occurriDg along with remains of man in original repoeitories, 
can hardly be 8aid either to be confirmed or contradicted. 

II. For a long time it appeared that there existed a very 
marked limit between the molasse and cretaceous periods, es^ 
peciaUy as there was to be seen near Paris a rich and per^ 
feet series of strata at the boundary of the two, where they 
seemed to be very distinctly separated in their deposition. 
On the other hand, Gratelonp persists in the assertion that at 
Dax, some chalk fossils occur above the chalk in the tertiary 
strata, and he names in particular Spatangus omatus, Defr., 
Galerites excentrieus, Lamk., and Galeritea nemifflobut, Lamk.,* 
although Des Moulinsi" only enumerates the first in the two 
formations. The sandstone of Gosau has yielded, besides ter* 
tiary fossils, I'eeten quin^uecottatua and Trigonia tcabra, and, 
according to Sedgwick and Murchison, also ten other chalk 
species. Lyell instances snch mixtures in the Faxiie lime- 
stone on Faxiie. The green sand at Aix la Chapelle con- 
tains, according to Dumont's list, seven tertiary fossils out of 
twenty-eight species determined ; according to Davreux, five 
out of thirty ; and according to Hoeninghans, five out of twenty 
eight, which D'Archiac has already included in bis list. In 
the Crimea, according to Dubois, many fossil species of the 
older tertiary strata extend into the chalk, and that chiefly in 
a nummnlite limestone and a hard marl. The same pheno- 
menon is repeated in Egypt, where two characteristic species 
of the oldest beds of the Caicaire grossier [Neritina perversa, 
and the monld of a lai^ Cerithium) occur in the chalk, while 
certain Exogyrve and a Baeultte extend into the same nummu- 
lite limestone which was mentioned as containing so many 
tertiary fossils in the Crimea. We borrow this information 
frwn de Vemeuil's memoir on the Crimea. 

III. The boundary between the chalk and the oolite series 
has been very much effaced by the discovery and separation 

* Grateloop's MhnoJrt mr hi Oiirani fatalet, p. 3. 
t Dm Honlhw, Ehi^et tm- let Eehinidei, p. 343, 399, 
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oC the Hils-cl&y and Neocomian strata, as the lowest members 
of the chalk ; the former is, according to Rcemer'a recent in- 
vestigiitions, essentially a portion of the chalk {Speeton clay), 
but contains in Hanover Exogyra gpiraiis, Pecten lens, Tere- 
bratula perwalu, Serpula voluinlig, and Celkpora orbiculata, 
in common withthe Coral-rag and Portland limestone; there- 
fore a larger number of species than are common to the lower - 
oolite aod Oxford clay, &c.* Although Roemer, in his new 
treatise on the chalk, does not enumerate these species (with 
the exception of the Terebratula), or forms new species for 
the individuals occurring in the Hils-clay, yet, on the other 
hand, accordingtoDubois, a much greater mixture of Jura and 
chalk species occurs in the same formation in the Crimea, 
where in the chalk, out of 49 species, 16 present themselves in 
the oolite. According to Fitton,-f' 16 species of the oolite oc? 
CUT in the chalk of the soutli-east of England, but, in regard to 
this, it is proper to remark, so far as these are derived from 
Fuller's-earth, that Rcemerj considers Fuller's-carth as the 
equivalent of the Hils-clay or Speeton ctay. In Yorkshire, 
Phillips finds that the Knapton and Speeton clays afford, out 
of 107 species, 99 from the chalk and 8 from the Kimmeridge 
clay, which latter is there awanting. MontmoUIn and Alex- 
ander Brongniart enumerate in the Neocomian strata of the 
Jura, the former 4 out of 14, and the latter 2, -as belonging 
to the oolite. Miss Bennet mentions, that in Wiltshire, 5 species 
of the coral-r^ occur also in the upper green-sand, but I do 
not trust entirely to the determinations. Other common species 
from various localities are to be found in the work of Goldfussi 
Most of these species, and also some detected by himself, are 
ennumerated by D'Archiac in hia list. 

IV. The smallest number of common species has been found 

in the oolitic and trias, or saliferous series ; and yet in Coburg 

_ and Wiirtemberg it is extremely difficult to determine with 

* In the mote recent works on the chalk, however, that, Exogyra tplraUt 
it r^iarded as a new speciea. 

t OlMervaliouB on the etrata below the chalk and Oxfonl oolite in the 
■outh-east of England, 1836. 
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exactness the strata with which the one series begins and Uie 
other ends, as these beds pass into one another gradually and 
in a conformable position. 

Y. Up to the present time the rocks of the trias and those 
of the coal or transition series seemed to be' the most dis- 
tinctly separated ; a wide gap appeared to be opened up be- 
tween them. This blank, however, has also very lately been 
filled up, since the appearance of the work by Mtinster and 
Wissmann on St Cassian. The formation of St Cassian, for 
BO long a period a puzzle, has ended by becoming the explana- 
tion of another puzzle, the separation between the coal fohna- 
tion and the trias. It is a previously unknown link between the 
two periods, which, out of 422 species, contains 386 locally pe- 
culiar to it, and, amongthe 36 remaining species, has 22, which 
are one-half common with the transition rocks and the other 
with the trias ; in favour of which double connection, the genera 
distinguished as belonging to the two give just as strong in- 
dications as the species. When, then, besides these there are 
some species partly analogous to, and partly identical with, 
those of more remote formations, viz. 11 with the lias, and 
3 with the Jura, this scarcely amounts to a larger quota 
than occurs in other formations, but which I shall not enume- 
rate, in wder that I may not be too prolix. I would merely 
refer to the Lethda, to Hisinger, Von Buch (on Terebratuhe), 
Adolphe Brongniart, D'Archiac> De Vemeuil, &c. 

Thus, then, the results of recent investigations have con- 
firmed and justified what I asserted in 1832, that such cases 
must, in the mean while, be considered apart and isolated 
from the others, until more minute researches on the very 
spot should either teach us something di£Ferent, or shew the 
cause of the mixture of fi^ssils from different formations. If, 
however, we must admit such a mixture for the products of 
different periods, how much more will it be the .case for the 
products of different formations or groups of formations of 
one period ! When I read, three or four years ago, the asser- 
tion of Murchison and De Vemeuil (which, however, was after- 
wards much limited by themselves), that all the fossil species 
of the CtUDbrian, the Silurian, the Devonian, and the nUHu- 
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tain liineetOBe systems were different from one another, I 
said) Dot only to.my pupils, but in various published papers,* 
that these naturalists would the less deny 4 mixture of the 
fossils of the different systems the more they extended their 
views beyond the small country of England, and looked about 
them over a greater surface. 

The result which has been obtained, that the species by 
no means became extinct at the end of each period, but 
partly lived during the succeeding one, also proves that these 
periods cannot have been separated in a very marked way ; 
that such periods, to assume which has been so convenient for 
ue, and will probably remain so for some time longer, have 
never existed umeergallj/ over the tehele surface of the earth; 
hence that a sudden refrigeration after a uniformly warm con- 
dition of the earth could not have destroyed simultaneously all 
life, in wder to make way for a new race of beings, as is sup- 
posed by the ice-hypothesis, and that this universal cooling 
which is asserted, it is not known where or how, to have been 
brought upon the earth from time to time, also never existed. 
But against this " geological" view there now makes its ap- 
pearance a new opponent that I have not yet mentioned, one 
which is intimately txMinected with the ice-hypothesis, and is 
the most Rlarmiug of b1Ii viz. the hypothesistt " tltat no cba- 
rjietw, that is, no distinguiahing mark (of an organism) ought 
ever to be regarded as so trifling as to point to absolute iden- 
tity; that it is not characters which mark out the species, but 
tlie GomUned relations to the external world in all the cir- 
cumstances of life," (which, however, in fossil beings, are re- 
duced solely to Uieir stratc^raphical distribution and tlieir 
association with other E^ecies !). " Therefore the species can- 
not be recognized by resemblances, but only by their rela- 
tione;" and without doubt, " in future it will be necessary to 
express the speciiic difference of organic remains by the cir- 
ctunstances of their occurrence, without it being possible to 
assign distinctions to them. And instead of being involved 
in boundless uncertainty, our science will emerge from its 
dry foundation to a state of rich blossom," that is, provided 

* /oAr&ueA, 1836, p. 73ft, note ; 1B41, p. VI ; 1841, p.^17, &C. 
t Juneson't Journal, toI. xxxii. p. 97. ^-~ 1 
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this Uouom 18 not, as I hope, for ever frozen in the ancient 
niUTeraal ice ! I have termed this opponent the moat alarm- 
ing of all. because, being in part a spectre, it has nothing cor- 
poreal about it upon which we can &sten, no foot that one can 
impede, and no head which one can strike off ! Distinctitm 
of species without difference of charsctere : in what way can 
proof be adduced, and agairst what shall we bring proof? 
" By the circumstaneeG of their occurrence V In fossil spe- 
cies, that means neither more nor less than their strfttogn^bi- 
ral distribution, which merely comes to this : Whoever wishes 
it, may declare that all the species oftwo periods are different, 
and whoever wL^es it, may declare that all the species <^ 
two directly succeeding strata are different It is true he can- 
not [wove it, but neither can he be refuted, because, according 
to the hypothesis, no further proof is required. 

Let these glaciers move cAieJly by the ezpaDsitm of in6)trated 
water instead of their own weight, — grant that they have po- 
lished and furrowed many parts of the surface, that they have 
belied up monunes into heights and hollows, nay. into whole 
mountains, where glaciers no longer occur, and that they prove 
a lower temperature to have existed at the time of their for- 
mer extension, — yet all is not glacier action which the hypo- 
thesis declares to be such ; least of all can it be concluded 
that the whole northern hemisphere was suddenly and aimul- 
taueously covered with a crust of ice as far as Mount Atlas, 
and that the whole earth was repeatedly and intem^tedly 
suddenly cooled and then heated, in order alternately to freeze 
and awaken different races of beings. I cannot itt any measive 
give my assent either to such doctrines, ix to the opinion that 
species can be recognised without distinctions being aaceiv 
tained, or established by characters which seem to have no 
stability, siqtposing even that whole periods of the earth's his- 
tory lay between them. For, if the petrifacticms presented 
to our invesi^tioD are to assist us in explaining the mys- 
teries of the history of the globe, the value of these doeu- 
raents shenld not be destroyed by preconceived and erbitrfffy 
assmaptioDS.* 



* Thb abovemnttlu ffira put of s Kmuax inteitej in I>Mli&«4 oikI 
Kona'i Jshrbncb for 184Z> ,-. , 
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On lAe Prevention of Smoke and Economj/ of Fuel by the u»e. 
of Steam, in the Patent Proceff of Ivieon. By Akducw. 
Ftfb, M.D., F.R.8.E., F.R.S.S.A. CtHnmonioated by iU_ 
Royal Scottish Society of Arts.* 

In the papen on the Ev^iorative Power of Coal which I 
have ab«»dy Iwd before the Society, I Tentured to throw out 
the conjecture, fliat it depends on the proportion of fixed car- 
bon which it contains, independent of the volatile inflammahle 
matter ; that, in fiict, the greater the proportion of this ingre- 
dient, the greater would he the amount of available heat 
evolved during the combustion ; and that I am correct in this 
opinion is still further confirmed by what was stated in the' 
^^>er submitted to the Soaety on the 28th ult. 

Thas, in the trials recorded in the first paper, with coal 
which contained 50.6 per cent, of fixed carbon, the practical 
evaporative power was 6.2. According to the fixed carbon, 
it ought to have been 6.2. In another trial in which the per- 
cent^e t^ fixed carbon was 6.7, the evaporation amounted to 
7.8. it ou^t to have been 8.0 ; and in a third it was 8.73, in- 
stead of 8.78. In the paper lately read to the Society, the 
result of trials with a diflferent coal were ^ven ; it was 6.8 ; 
according to the proportion of fixed carbon, it should have 
been 6.1. 

From these results I think that I am warranted in draw- 
ing the conclusion, that the practical evaporative power of a 
coal is jnst as the proportion of fixed carbon ; that is, as die 
quantity of carbon which the coke from the coal contains. It 
is evident, however, that this remark applies only to bitnnu- 
nons etml, or to anthracite of inferior quality, and which, 
from its containing volatile inflammable matter, resembles 
o^er kinds <^ coal ; for when a fuel is composed almost entirely 
of carbon, as is the case with the beet anthracite, were it ex- 
pected that the practical evaporative power would be equal to 
the amount of fixed carbon, which is occasionally 94 per cent., 
then Htw fiiel would drive ofi' nearly &s much water in vapour 

* Bead before Hie Boyal Scottirii Sodet; of Arts, SSth April IW. 
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as it is calculated can be doDc b; carbon itself, provided tlie 

whole of the heat evolved by ita combustion were taken up by 

the water. Mow, it is well known that in practice this u 

never done, owing to the abetraction .of part of the heat by 

the building, and from a conridetable part passing up the 

cbinmey. 

Now, allowing that the available heat in practice is that 
evolved by the combustion of the carbon of the coke, and eon-, 
sequently that that which is evolved by the gaseous elementa 
is lost, an important question arises. Can we by any means 
increase the ev^orative power beyond that occasioned by the 
fixed carbon \ in other words, Can we make available any of 
the heat which is, or which ought to be given forth by the 
Tolatile matter ? 

In carrying on the combustion of coal all the fixed carbon 
is consumed, with the exeeption of that which falls into the 
ash-pit ; because, before any part of it escapes as a gaseous pro- 
duct, it most combine with oxygen ; but this is not the case 
with the gaseous hydro-carbons. It is well known that a con- 
siderable part of these often escapes unconsumed as hydro- 
carbon, while another part, being decomposed, allows the 
combustion of the hydrogen, while a portion of the carbon is 
set free and not consumed ; and hence smoke, n^ore or less 
dense, according to the escape. This is occasioned ^y.the 
want of due admission of air to the inflammable gas^s, at that 
part of the fdmace where, when mixed with them, it would 
be exposed to the temperature requisite for their combustion. 
It is evident, then, that the more freely an- is admitted, up to 
a certtun extent, at the prt^er place, the more perfect will 
be the combustion of the gases. Hence the numerous contri- 
vances for the admission of an-, both cold and heated, at dif- 
ferent parts of the fiimace, by which smoke is so far prevented. 
Allowing, however, that this is done, and that, by these pro- 
cesses, the escape of any part of the gaseous elements oncon- 
sumed is also prevented, the question still remains to be an- 
swered, Whether the practical evaporative power is increased 
heyond that which is pointed out by the fixed carbon of the 
coal T Of course I now allude to bituminous coal in geperal 
use for Bteon-engine furnaces. 
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" Numerous statements have been given of the amount of 
evaporation produced bj the combustion of fuel in the inost 
approved furnaces. ' In the experiments, the results of which 
. I have given in the published papers already alluded to, the 
utmost jroni Scotch coal of good quality was 6.6 lb. of water 
-from 32 for each pound of coal ; and if we suppose the eva> 
porative power of Scotch coal to be to that of Knglish coal as 3 
to'4, then, in the furnace that I used, tlie result would have 
been as 8.8 with a similar consumpt of fuel, which is nearly the 
same as that obtained by others. The highest products on re- 
cord, with which I am acquainted, are those of Parkes, given 
in the Transactions of the Institution of Civil Engineers, vol. iti. 
part 1. ; and by Hen wood also in the same Transactions. In 
one trial by Mr Furkes, in which every precaution was used 
to prevent, as much as possible, the loss of beat, the er^wra- 
tion from Newcastle coal was 10.32 from 212, which, aUow- 
ihg the degrees of heat in steam beyond 32 to be 1136, as 
stated by Despretz, would be reduced to 8.68 from 32. In 
my trials with Scotch coal it was 6.6 ; and keeping in view the 
comparative strength of English and Scotch coal, the results 
very nearly agree. In one of the trials recorded by Henwood, 
100 lb. of Newcastle coal evaporated 16.95 cubic feet of water 
from 94, which gives 10.54 lb. for each pound of fiiel, and re- 
ducing this tQ 32, the result is 9.96. 

' The quantity stated in the above tibials is far short of what 
it is said coat ought to evaporate, whether we calculate this 
from the quantity of oxygen which it requires for complete 
combustion, or from the known composition of the coal. 
■ In the ptqier on the Heating Power of Coal-gas,' published 
in the Transactions of the Society for 1840, I have stated 
that it required the consumpt of about 16 feet of gas to boil 
off 1 gallon of water from 32, consequently it would requu« 
1.6 to boil off 1 lb., 1. e. 7000 grains. Now 1 of gas requires 
oil an average about 1.8 of its bulk of oxygen for combustion, 
supposing tie gas to be about the sp. gr. 570. 1 foot of oxy- 
gen weighs 587 grs,, or nearly so,' and 687 X 1,8=1067, con- 
iiequently the oxygen necessary for the conaumption of 1 foot 
of coal-gas, of the quality stated,' will weigh about 1057^^ 
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AccordiDg to Deapretz, when 1 of oxygen enters into tiaion 
ivith other substances, heat is given fortti euffioient to boil off 
.4.6.of water from 82. Now 1067 x 4.6 = 4862, which mal- 
t^Ued by 1.6 = 7779. Id my trials the consumpt of 1.6 of 
gas boiled off 7000, and consequently there was, by this mode 
of calculation, a loss of about one-tenth of the evi^ratire 
power in my trials. 

It is generally allowed that 112 lb. of coal will yield 500 
feet of gas, consequently 1 lb. will yield 1.46, or very nearly 
-4^ feet. It has been shewn that in my trials 1.6 of gas eva- 
porated 7UO0 of water, and according to the consumpt of oxy- 
gen, it should evaporate 7779, and as 1.6 : 7779 : : 4.6 : 22,362, 
and 22,362 -t- 7000 = 'A.19, Accordingly the gas from eatdi 
polmd of coal ehould, by its combustion, and provided there 
were no loss of the heat evolved, evaporate 3.19 of water 
■from 32. 

The average quantity of fixed carbon in Scotch coal amounts 
-to 50 per cent., consequently it ought to boil off 6.15 of water 
from 32; now adding this to the 3.19 formerly mentioned, 
1 lb. of coal should evaporate 9.34, provided the whole of the 
-fixed carbon, and of the gas given off fr^m it, as in the ma- 
nufacture of coal-gas, were completely consumed ; but this is 
shcMrt of what a pound of coal ought to do, supporang the whole 
of its inflammable ingredients were consumed, and pnmde.d 
also the wh(de of the heat evolved were taken up by the 
watOT. 

In tlie table ^ven by Mr Richardson, Lond. Phil. Mag., 
1838, the average quantity of oxygen necessary iat the com- 
btistioD of 1 of Scotch coal is 2.47, which would make 1 lb. 
•enqtwate 11.3 of water. Now, deducting 9.34 frvm this 
gives a dafitnency of 1.96, which must be accounted for by 
the formation ctf the tar and volatile oil, also produced in the 
mannfactore of coal-gas, by the elements entering into a new 
state of oombinatioD, and which, if burned along vrith the 
-fixed earbon and gas, should make up the ev^Kostive power 
to 11.3, or thereabouts. If we deduct the 6.15, representing 
the evap<»ative power of the fixed carbon, from the total 
amouni, the tt^ciency is 5.15. Now, allowing that, by the 

D,g,l,..cbyGOOglC 



S)r Fytis on the Prevention o/Svtoke, 4^e. tfi 

proper construction of the hmace, and by the due admiauon 
of sir, 80 as to preYent the escape of any part of the volatile, 
inflammable matter anconsamed, the evaporative power nf 
bitaminoos coal, when bnmed by th^ie means, does not go 
beyond thst which the fixed carbon of the coal will a£fbrd, an 
important question flows fhim what has been stated as the re- 
sults from the foregoing calculations. Can the evaporative 
power be increased beyond that of the fixed carbon ; in other 
words can the gaseous products be also so consumed, that the 
heat evolved by their combustion, will also cause the evapo- 
ration of water, and thus increase the total amount of evapo- 
ration ? The process which I am now to describe is one br 
wbich that object can be obtained . It is a modification of that 
to which I formerly drew the attention of the Society, and an 
account of which is published in die Transactions fcr 1838. [ 
then shewed that by propelling steam up through the/uel, when 
in & state of combustion, the evaporative power is increased. 
I intend now to illustrate another' remarkable circnmstancA. 
accompanying the use of steam. When, instead of being 
introduced from below so as to make it pass up through 
tiie Aiel, it is projected above it, a similar result is obtained 
as to increase in evaporative power, and, in addition to this, 
there is also the very desirable object, the total prevention of 
smoke. This constitutes the process lately patented by Mr 
Ivison of the Castle Silk-Mills of this place. Prom the nnme' 
roos opportunities I hare had of conducting experiments with 
H, and, trom the very interesting results which I have ob- 
tained, I have thongbt it advisable to lay an account of them 
before the Society. From tiie time occupied in carrying them 
on, they are, I conceive, valuable as giving results from tritUs 
on a large scale ; and from the minute attention bestowed 
on them, I may be permitted to state, that the most implicit 
confidence may be placed in them. Though I hare wit- 
nessed many trials, yet my remarks will be confined excln- 
sively to those conducted under my own superintendence, 
having been present during the whole of the time, and having 
inyself assisted at the weighing of the iiiel, and in measuring 
the supply of water to the boiler, so as to gecuro accuracy jtv 
the results- 
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The furnace with which the trials were made, was that on- 
^ally at the Castle Silk-Mills. The boiler, which was cyliddri- 
cal, with eg^-shspedeDds, was 1 8 feet long, and 3} indtameter, 
with the flues of the funiace passing around it. It stood in an 
open shed, with 2^ feet of its upper snrface to tiie length of 
17^ feet exposed. The steam-pipe conveying the steam to 
&e engine was 2^ inches in diameter, and lapped with a 
single ply of rope. The furnace was of the ordinary coa- 
strnction, the bars being 5 feet 2 inches in length, and in all 
2 feet in breadth. The height of the water in the boiler 
was ascertained by a two-way cock, the distance between the 
extremities of the pipes being 3 inches. The water supplied 
to the boiler waa taken from a tank, through which the waste 
steam of the engine was generally passed, and by which the 
temperature was raised, sometimes to 110 at other times to 
180. It was forced in the usual way into the boiler bya 
pump worked'by the engine. The coal was generally sup- 
plied to the fire at regular intervals ; and to ascertain Ae 
quantity actually used, the fire was brought to the same state 
at the commencement and termination of the experiment. 

The steam apparatus f<H: the consumption of smoke c<m- 
sisted of a tube of i-ineh internal diameter taken fi:om the 
upper part of the boiler, and ccntveyed into the interior of tlM 
fiimacej where it terminated by a fan-^aped distributor,- by 
which the steam was projected into the upper part of the fur- 
nace, occupied by the flame and gaseous products of combus- 
tion, and coiuiequently over and above the fuel. In using the 
steam distributor, air is admitted either at the door, or by 
some other means, so as to bring it neu the disti'ibutor. - In 
the trials which I carried on, it was admitted by apertures 
in the door, or by keeping the door a little open. A stop-cock 
is placed on the tube connected with the distributor, to regu- 
late the supply of steam ; the necessary quantity being known 
by the effect produced on the smoke. When the steam is thus 
admitted, ilie part of the furnace occupied by the flame and 
gaseous products of combustion, and frequently rendered ob- 
scure by the smoke from part of the volatile inflammable in- 
gredients not being consumed, instantly presents a different 

D,g,l,..cbyGOOglC 



Dr Fjte on the Prevention ^ Smoke, ^e, :&I 

Hfpestsnce ; the Bmoke diesppesre, tbe flime becomes more 
brilliant^ and tbe beat seems to be more intense ; at the same 
time, if smoke was escaping at the top of the efaimney it very 
soon disappears ; the time depending on the height of tbe 
stalk and on the draft ; and as long as the steam continues to 
be projected firom the distributor, little or no smoke is visiMe> 
Z conceive, it is oonecessary to say more on this valuable part 
of the process \ it has been witnessed by many, who can bear 
testimony to tbe efficacy of steam when used in this way as- a 
complete preventive of smoke &om furnaces however large. 

I now proceed to the more important part of the process, 
I mean tbe effect on the evaporative power of the coal con- 
sumed. The prevention of smoke, and tbe consequent absence 
of soot on the sides Of the boiler, would naturally lead to the 
sapposition that a greater amount of evaporation would be 
prodocedr not only because that part of the fuel which other- 
woe escapes as smoke is consumed, but also owing to the aV 
tisnce of soot on the boiler, the transmission of beat would be 
more rapid, and consequently being more quickly taken up, 
less of it would be lost by passing up the chimney. These 
cantie»must op^ikte to a certain extent, in every instance 
where smoke is [ovvented ; but we shiUlfind that tbe increose 
in evaporation is far beyond what could be accomplished by 
&ese alone, as the result of the trials which I am now to state 
will shew. I consider it unnecessary to state minutely the ' 
details of tbe numerons trials I have conducted with this pro- 
cess. I will first giye thedetailsof one which I select, because 
during its perjormance tbe most rigorous attention was paid 
to every tiling that could affect the working, and it will there- 
fore shew how the trials were in general conducted. 
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' Tbe abore table shews that, by the consampt of eat^ lb. 
<^ coal, 10.75 lb. "of water were evaporated from 170. Nu- 
merous other trials were made in the same way, with other 
kinds of Scotch coal, sometimes for the same, smnetiraei for a 
shorter period, and with a preesore nearly the same, but occa' 
sionally lower. The following are the results: — 
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The Krengc of the abOT« ten ranths, vUeb inehidet that 

pven in die precediDg table, is 1163, from the svei*^ tein- 

peratore of 105 ; and aapposing the water to hare been at 

. 32, then the averse result wonld be 10.87. Or it may be 

' Tiewed in another way. Id all the trials, 5676 lb. of coal wore 
used, and 63,5001b. <^ water were ev^orated. and 63600 

' -4- 5576 =: 11.4, and reducing this from the temperature of 
106 to 33, the result would be 10.66, and again 10.66 -t- 
10.87 -T- 2 = 10.76 ; a result which exceeds considerably the 

-highest that has, bo &r as I know, been put on record — I 
mean that of Henwood, iriiicfa was 9.04, procured by EngliEli 
caking coal, the eraporatJTe power of which, compared to that 
of Scotch coal, is allowed to be as about 4 to 3. 

With the view of ascertuning the power of the furnace and 
boiler, without the use of the steam apparatus, umilar triali> 
were made with the same coals, due attention being paid tu 

' the di&r«it (orenmstanoes already stated. On an average, I 
found that for the ctmsumption of each lb. of coal, the eva- 
poration amounted to 6.66, and reducing the water to 33, as 
before, the result would bare been 6.17. 

These resnltB were still &rUi«r verified by notii^ the eon- 
sumpt of inel, daring diflFlwent periods (A the day when the 
fiimace was in use, with and without the steam apparatuii. 
Ther ft^owing are the results : — 
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During the periods stated in the above table, the engine 
connected with the boiler was all the time doing the same 
work ; and consequently we have fo far an indication of the 
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economy of fiiel by the nse of tfa« ateeml Wben the fomaee 
was in action without the admission of steam, the fuel oon- 
samed amounted to 812 lb. in 6^ hours ; and when steam was 
adniitted, the constimpt, for the same time, amoonted on an 
avwage to 637 lb. Now, as the same work was done "bj 
the engine with the consampt of 537 lb. of coal ' when tlie 
steam was admitted, as was done by 812 lb. without it, the 
saving by these triiUs amounted to 34 per cent. ; for, as 
812 : 537 : : 100 : 66, and 100—66 ~ 31. 

Considering the amonnt of eraporation obtained by the ap- 
plication of steam as now described, and keeping in view the 
results of the experiments which 1 have given, and also those 
recorded by others, it is evident that the evaporative power of 
coal is by this means greatly increased ; but this is done by 
an expenditure of part of the steam generated in the boiler ; 
it therefore still remains to be proved what the actual amount 
of saving is, after deducting the loss occasioned by the trans- 
mission of steam into the Aim ace. Afferent processes were 
followed, with the view of ascertaining the quantity of steam 
projected into the fomace. One of these was by comparing 
the area of the i^rtures in the distributor with that of the 
steam-pipe leading to the engine ; but this was found liable to 
fallacy, owing to the difference in the escape of steam, which 
is not always in proporticm to the area of the tubes or aper- 
tures tbi'ough which it is transmitted, and owing also to the 
escape through the safety-valve. Another method was, to 
connect a tube with that leading to the furnace, and convey 
it through a refrigeratory, so as to cause the condensation of 
the steam, which,when condensed, was collected,and its weight 
ascertained. When this was in use, tiie supply of steam from 
the boiler to the furnace was cut off by means of a etop-cock, 
and the steam was then allowed to flow through the tube in 
tho refrigeratory — the stop-cock by which the supply to the 
Aimace was regulated being kept at the same degree as f(»^ 
merly. By this mode I found that the quantity of condensed 
steam varied considerably, — indeed, so much so, that though 
several trials were made, the results were so discordant, that 
I could place no reliance in them. Thb was owing moat 
likely to the Sow of steam into tiie fiimace, tbrongh tiie mi- 
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nate ■{i^ufw of tbediatributor at one. time, end at anotller 
tht<ou^ the tub« is the rdrigeratory,' being different, from tbe 
different conditions undar which it was esciq>iBg, though the 
area of the apertore of the stop-cock was in all the trials the 
same. I had therefore recourse tx) another metiiod. Instead 
of taking the steam from the boiler attached to the furnace, I 
had another smaller, one ereeted near it, fumiahed with its 
own fire, and (nnn which the pipe terminated by the distribu- 
tor was t^en, and conveyed into the Urge furnace. This 
small addition^ boiler was w(»-ked under a }»%s8ure of 6 lb. ; 
aod to avoid any error from the escape of steun by the s^ety- 
valve, the superflnous steam which should have escaped 
through it was conveyed by a pipe into water, where it was 
condensed and measured- Deducting the quantity obtained 
fVom it from the total quantity given off from the boiler, 
wMc^ was known by measuring the loss sustained by the 
b4Hler, the quantity projected through the distributor was as- 
certained. The average of several trials perfbnpeil in this 
way, gave 4 lb. of steam for each 100 lb. evi^orated from the 
boiler connected wiUi the furnace and Migine— that is, 4 per 
cent. Now, supponng this were taken from the boiler wiUi 
whidi the evaporative power of the fuel was tried, when sub- 
ject to the action of the steam dktribntor, we must deduct it 
fr()H{ that discharged from the boUer, and we shall then have 
th« ayulahle power in practioe* and. consequently we shall be 
able to ascertain whether, by this process, there is an increaa- 
ed amount of evajwration, and; if so, what is th|e saving in 
fuel. 

It has been already stated, that the average amount of eva- 
poration with the fiimace subject to the influence of the 
steam-distributor, was 10.76. presuming the water to be sup- 
plied to the boiler at 32. Now, deducting 4 per cent, from 
this, the residue is 10.33. With the same fiiel, and without 
the steam -distributor, the evaporation was only 6.17 — thus 
^ving an excess of 4.16, or a little beyond one-half more, by 
the same quantity of fuel ; consequently, to produce the same 
amount of evaporation by the common process, and by the 
use of the steam-distributor, the results shew a saying of fuel 
amooBtiDg to very neeurfy 10 per cent. ^ 
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In gimg l^e above M the incKued amannt of ev)qMr»<: 
tion, and coneeqaent Baving In ftiel, by the xaa- of steam,. L' 
wish h to b« nndentood, tlwt the remark ^tpliea sotel; tO' 
the rosnlts of th« biala aboTe rtcorded. It is not to Iw ex- 
pected that the same iato begot in all caaes; indeed, it has ' 
be«i the reverse, for I most own, that in man; cases, in- 
whii^ the dist^Hitor haa been need, diere has been no savtng- 
in fdel, nay, in several there has actually been a waste ; nutre' 
coal having been consumed' in the same time to ke^ vp the 
same amonnt of evaporation. Now, as it must be admitted, ■■ 
that wliat has been done with one fiimace, should, under pro-: 
per mani^ement, be done wiA otiiws, it beoomes of import-' 
ance to ascertain what is tbe canse of fatlnre in Uiene parti> 
cular cases. In order to discover this, it is necesswy to at-' 
tend to the different circumstances acoompanjring tbe action 
of the Bteam ; ^d first, after the fbrnace is brought into good' 
condition, from the moment that the steam is -projected into 
tbe fiimace, the passage of air into the ash-pit, and from it 
itp through the fuel, almost entirely ceases, provided air be- 
adrAitted by the door ; indeed the combustion may be carried' 
on witli the ash-pit quite closed, and hence the absolute ne- 
cessity of admitting air by the fiimace-door, or otherwise, so' 
that it shall be brought into contact with the fuel, and also . 
with the gaseous inflammable matter evolved fi^m it. ' The 
want of doe attention to this circumstance has frequently 
caused a ftulore, not only as to the economy of fuel, but ^so 
its to tbe prevention of smoke ; the deflctency in the supply of 
air causing the gaseous inflammables to escape, without being 
entirety consumed. Again, by the admission of steam, tbe 
draft is very much increased ; indeed so much so, that when' 
the chimney is tall, and consequently tiie draft originally is 
great, it becomes so greatly increased, that the heat gene- 
rated by the combustion is hurried off, and time is not given 
for the water to take it up. It may naturally be supposed, 
that by lowering the damper, as is usually done, the exces- 
sive draft would be checked ; but this is not the case, the posi- 
tion of tbe damper having little or no efiect in altering tbe 
draft. I had recourse to several methods to obviate this dis- 
advantage. The lowering of tie cbimii^ no doubt wxAA, 
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to a certun extent, accotnplish it, but this ia not attainabltf. 
To shew, howevw, to what extent the chimney may be lower- 
ed, I may here mentifm, that I had an opening made in it a 
little above where the flues entered it, and then pawed an 
iron plate across, so as to prevent entirely the passage of the 
gaaeoug prodncta upwards ; they were of course fotced out at 
the opening, and in this way i have again and again worked 
the furnace, and during the whole .of the time the combUB' 
tion and consequent evaporation went on as before, as was 
shewn by the en^ne continmng to do its wmk, though there 
was no chimney in use. The method which I have found to 
answer beat in checking the draft, ii cooling the products in 
the chimney ; and the first means of doing this that occurred 
to me, was to make an opening near the base of the chim; 
ney, and admit cold air more or less freely, according to cir* 
cumstances. In the first case in which 1 had recourse to this, 
and in which I could not succeed in keeping op steam, when 
the distributor was in use, from the moment that the cold air 
was admitted, the stetuo was eauly kept up, and with the con- 
sumpt of a nnaller quantity of fuel than before. There is 
still another circnmstance to be attended to,; I mean the mode 
of firing. It is evident, that if the steam acts in any peculiar 
way in canatng the combostion of the gaseous materials of 
the ooal, the coal oagbt to be so thrown on the fire, that these 
materials should be evolved as near to the distributor as poa* 
sible ; heaoe tht necessity of pusfaing forward the ignited 
fuel, and then throwing the fresh coal as nearly as possible 
under the distributor, that the gaseous matter discharged by 
the gradual charring, may b« brought under the action of the 
steam and air by. which it is to be conanmed. Wh«a this is 
not done, it is not to be expected that the smoke will be pre- 
vented, far less that there shall be a. saving of fuel- 

With proper attention to all of these circumstances, I mean 
the mode of firing, the due admission of air above the fuel, 
and the diminution of the draft, 1 believe that in most cates 
the process wUI be accompanied with the de^ed results. I 
say in most, for no doubt eases may occur, in which, chiefly 
from the difficulty of regulating the draft, there may be no 
sftying, . but, on the contrary, an increased expenditure. 
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With regard to the elastic force of the steam required for 
the distributor, I may here state that 1 have used it at pres- 
sures Tarying from 3 lb. to 3d lb., and invariably with the 
fuuae effect as to the prevention of smoke. How far the dif- 
ference in the elastic force of the steam projected into the 
furnace affects the amount of economy of fuel I cannot say, 
as all the trials made with the view of ascertaining this were 
with high-pressure steam. 

It has been supposed by somie, that however beneficial this 
process may be as to the prevention of smoke and economy of 
fitel, it is liable to serious objections from the destruction of 
the fire-bars, owiog to the want of tur passing up between 
them, and also from the injury occasioned to tlie boiler by the 
action of the steam from the distribntor. As to the former, 
suppose it were to happen, it would be more than counter- 
balanced by the saving of fuel ; but, so far as I have seen, the 
btirs are not more acted on than in other cases; indeed, 
I would say less so ; for, as there is very little or no air pass- 
ing up from the ash-pit, the heat evolved at the bars is by no 
means so great there as it is when air is rushing up through 
the (ae\. As to the boiler, the only one I have minutely ezr 
amined is that with which I conducted the trials, the results 
of which I have given. After being in use for about eighteen 
months, during which I was from time to time ei^rimenting 
with it, I had it examined by experienced en^eers, who all 
certified that it had not sustained the slightest injury. - 



On producing the effect of Fog in a Portable Diorama, con- 
structed by GxoaoE Tait, Esq., Advocate. Conununioated 
by the Boyal Scottish Society of Arts.* 

Ik a description of a portable diorama which I exhibited to the 
fioyal Scottish Society of Arts on 22d November last, I stat- 
ed that the effect of fog may be represented by painting the 
objects intended to be affected by it, on a second surface be- 
hind the first, by admitting light behind, and by gradually 
removing the surfaces from each other, or bringing them into 
contact. 



" B«!td befinrc tbr Iiny.ll Scottish Sociely of ArU llth Aj 
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A coDveoient method of ezecutingthia Is tohtive two streteh- 
itag frames made perfectly level, to join them together at the 
bottom by a binge of thin leather, to cover the faces in con- 
tact with pt^r, or linen, and to adapt the groove of the box 
to receive them (as well as the ordinary single frames), and 
to admit of the second frame being moved backward and 
forward at the . top. This motion maybe cmnmunicated by 
a thin lever passing through the bottom of the box, close to 
the side next to the exhibitor, immediately behind the second 
frame. The effect thus produced is, however, not a correct re- 
presentation of fog. 

A more simple and easy method of producing a representa- 
tion of fog, which is correct, is to use an ordinary single frame 
only, to paint the objects intended not to be affected by the 
fog on the fry)iit of the frame (painting behind them also if 
necessary to produce sufficient opacity), and the rest of the 
scene on the back of it, to admit light in front, and gradually 
either to admit light behind, by which the parts of the scene 
painted on the back will appear to emerge from the fog, or 
to exclude that lig^t, by which they will appear to become 
involved in the fog. 

G. Taix. 

EoiNBrBOD, MM April \ii2. 



On British Fossil Reptiles. By Pbofessos Owen. 
A EKTRosFxcTivE glaDCC at the catalc^ie of reptiles which 
formerly existed on that portion of the earth's surface consti- 
tuting iht present small island of Britain, and which are now 
extinct, must call forth sxich novel and siu-prising reflections 
on the dealings of Providence with the animated beings of 
this planet, as may well lead, in the first place, to a question- 
ing of the truth of the afftrmations with which the present 
summary commences. Did the numeroas, strange, and gigan- 
tic representatives of the several orders of reptiles actually at 
any time live and move, and propagate their kind in the loca- 
lities where their bonea are now so abandantly found ? Are 
not these bones the relics rather of antediluvian creatures, 

VOL. XXXIII. wo. LXV. JULV 1842. 1 
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ivUefa po^bed itt die great liistoneal c^aeln^lM oi water, 
■ltd kave been wadwd from latitudes suitaUe t« their axiit- 
enee to more Bortbera shores 1 Ar« tbe Britid foesil Bep- 
tiies •etnally extinct, and tony not eom« living repreMBtartms 
of tba Labyrioibodoiit, Enalioumrg, IMmwMits, kc., stiS remain 
to be discoTcred, in tboae wamer regioiu where alone large 
tpeeies of reptiles are nofr known to exist f 

Saefa qoestioati and explanations of the phenomena which 
ar« the snbjaet of the present r^ort, mfl tw nMst likely to 
M^geat thenuelves to those who are not oonTersant with the 
truths of geology, and who may never hare been eye wit- 
neates of the etFcnmstaooes under which fossil bones of rep- 
tiles are foond. 

In many cases, tinese circumatanoes are so opposed to an}' 
that can be eonceired to have been produced hy the cftera- 
Amu. of a si^terincnmbent bed of wi4«r6 upon the prea^tt »ur- 
fiioe of the earth, daring a period of less than one year, that 
the earHest obserrers, to whom the operations <^ a teinpccary 
gener^ debge sDggeated the first ezj^anatioB of the i^^ear- 
snce of the mnains of a large and strange aoimal. were irre- 
sistibly led to the conviction, Uiat the conditions under which 
»vSk fossil animal was found, were wholly inexplicable on the 
supposition of its carcase having been left by the retiring 
waters «f a flood. Thus the good Quaker of Whitby, in his 
letter to Dr Fothergill, recounting the discovery of the ex- 
tinct q)ecies of crocodile that now bears his name {Tdeo»auru» 
ChmpmoKmii, says : " The hones were covered five or six feet 
wilh watw every full sea, and were about nine ^or tea yards 
from the (diff, whi<di is nearly perpendicnlar, and about sixty 
yards high, and is continually wearing away by (he sea wash- 
ing against it ; and, if I may judge by what has happened in 
viy own inemory, it mast have extended beyond these bones 
lees than a «entary ago. There are several regular strata, or 
layers of atone, of some yards thickness, tiiat run along the 
cliff nearly parallel to the horizon and to one another. I 
BMntien :tbk to obviate an objection, that Uiis animal may 
have been upon the surface, and in a series of years may have 
■aah down .to wfaene it lay, which will now iqtpear imposnble, 
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at leut vhes th« itoneB, At. hare bad their preseot cMuitt- 

©nce."" 

It mint b« obvioas, indeed, that the ngaW RwoeaBion «f 
ItwiMotal layers-^" begiimhig from the k^, of eartii. clajr, 
M&rbl^ stoaes, both hard and aoft. «f varioas thic haweoo , tUl 
it «oiii« down to th« black slate w aiam roek,"t — moaotiag 
to tile he^ of aear 300 feet abore the petrified skdetOK, 
eoold not bare been the result eX the depoeit of a temporary 
OTttrflcnr hj dihivial inters contiDiiiDg for a few nootiu, ai^i- 
posing •TMi tiuse watters to hare been thieklj idiarged with 
tiw rained SBr&ee of the old earth. Suocessioa ef strata, aa 
of all othMT pfaeaotaena. m«t take place in sooccmT* periods 
of tim« ; the hundredth layer rf lias, coantinff downwards, 
whjdi emrtained the akdeton of the etraage croeodite, mm* 
once have been the i^pennoet; and some ^e toast hare 
lapsed between the d^vsitKm ol that stratoa with its orga^ 
nixed, contents, and the deposition of the saecewting' layer 
above^ 

HtiwAffisiliBedboaesof the animals described in tba pro- 
sent memoir bad been drifted to thia isUnd by a flood, tiHy 
woi^ be ftnind mingled togetiier in Ihe gapecficial strata 
omaUy temed "* dilarial," and would cfaaractnize no parti^ 
cular formation or locality. Bat the reverse of this is tibe 
fftct ; and it is the comulatiTe evidence of the limitation of 
certain genevs to particular fbrmations, tiiat gives its chiaf 
vahte to Ute present daea of researches. 

In tbe most soperficial fossil^bvonB dcposita, irfiich i »d ioat» 
the last operation of a body of water, either frozen or imA, 
upon the surAu^ of the ^K^tish islands, no remains of vef>tiles 
have come under my observation. Cuvier ^kidss to a ain^e 
b^ie of a crooodile said to have l>e«i found associated witli 
the usual fossils, of tho drift or diluvium at Btentferd ;t but 
no other evnlence of any other species or genua of reptil^ 
which ia. now confined to warmer regions of the globe* hM 
yet been recognised in He British strata called diluviai, «■ ia 
any that are more recent than the- oldest tertiary fomntioits. 

* Fhiloaophical IVansactions, 1758, p. 686. t Ibidi p. TBS. 
; Dr BacUand has euggeated to ine that this bone wa» [mImUt wub«d 
ent of tlie clay bene.ith the dilnvinni. 
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In these eocene bedsj accumulated in some localities to tlie 
thickness of 300 feet and upwards, the remains of crocodiles, 
tortoises, trionyxes, turtles, and large serpents, are more "or 
less common. These fossils severally exhibit well-marked 
and unequivocal specific differences when compared with the' 
boties of their known existing congeners ; hut their osteology 
does not present any modifications of generic value. The 
nearest approach to this degree of deviation occurs in the 
eocene chelonian reptiles, as in that species of turtle from 
Sheppey, which combines the jaws of a trionyx with the bony 
helmet of a turtle, and presents an extent of ossification of the 
buckler nearly equalling that of an emys. The eocene croco- 
dile exhibits all the characters of the osseous and dental bvs- 
teras"which distinguish the genus as restricted in the latest 
systeins of erpetology ; and whilst it cannot be identified with 
any known species, most resembles, not the commonest and 
nearest existing crocodile, as that of the Nile; but a rarer and 
more remote one, viz., the Crocodiltis Schlegelii of Borneo. 
Not any species of reptile of the tertiary strata has been dis- 
covered in the chalk upon which those strata immediately rest. 

A small lizard, closely corresponding in vertebral structure 
with existing species, but differing in its dentition ; and a gi- 
gantic marine species (Mbaagaurus), which is the first, in the 
present descending survey, to offer osteological and dental 
ccnhhinations wholly unknown in existing saurians, — consti- 
tute the representatives of the lacertian order in the creta- 
ceous beds, which form the most recent of the secondary de- 
ports. 

In tracing upwards the extinct reptiles, we find that the 
union of the vertebrae by a hinder ball received into an ante- 
rior cup, a structure which, with an insignificant exception — 
the gecko — prevails throughout the ^urian order as it now 
exists, commences with the lacertian reptiles which perished 
during the deposition of the chalk, and, in the crocodilian and 
ophidian reptiles, is first found in the species which made their 
3p}>earance during the deposition of the London clay. 

Of the crocodilian order I have yet seen no unequivocal re- 
pi-fisentatives from the British chalk. 

JJl the weU-determiocd Cbeloni ans of the cretaceous period 
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are mariae species, and aie equally distinct, witli tlie lacer- 
tiaus, from tlioae of the super-imposed tertiary beds. 

The most interesting fsict which the paleontology of the 
cretaceous period has yielded, with reference to the great 
saurian division of the class of reptiles, is the commencement, 
or rather the last appearance of the fossil remains of an order 
of reptiles (Ennltosaurid) now altogether extinct, I have ex- 
axamined portions of the lower jaw with teeth of a lai^ spe- 
cies of Ichthyosaurus fi'om the lower chalk between Folk&tono 
and Cover, which is very closely allied to, if not Identical with, 
the Ichthifotaurus communit. The femur of a large Plesiosau- 
rus has been obtained from the chalk of Shakspeare's Cliff. 
Remains of more than one species of plesiosaurus occur in the 
gault, and are associated with the ichlhyoiaurus in the green- 
sand near Cambridge, and in the Kentish Rag sear Maid- 
stone. 

In the green-sand also we first meet with evidences of rep- 
tiles exhibiting modifications of structure, especially of the 
locomotive extremities, as remarkable and as different from 
those of existing species as are presented by tbe Enaiiosauria, 
but pointing as strongly to an adaptation for terrestrial life as 
does the enaliosaurian stmcture to aquatic existence. The 
specimen of the unquestionably terrestrial saurian here alluded 
to, viz., the IguanodoHt is the more remarkable in the subcre- 
taceous marine strata, in consequence of its presenting Uie 
largest portion of tbe connected skeleton of the same indi- 
vidual of this species that has hitherto been found. 

Gigantic crocodilian reptiles, removed by generic modifica- 
tions of structure from the eocene and existing crocodiles, 
now likewise bepn to be indicated, as by the teeth of the Po- 
lypti/chodon from the green-sand quarry at Maidstone, and 
by the large bones of the extremities from the quarries of a 
corresponding stratum at Hythe, 

The chelonian from the greensand (Cheloiie pulckriceps) dif- 
fers from the eocene and all existing turtles in a very interest- 
ing modification of the anatomy of the cranium. „ : 

In the Wealden group of fresh-t^ater strata, the Enidiosau- .. 
rian order continues to be represented by the Ple»iosaurtig, but 
no remains of the more strictly marine genus, Ichlkjfotaarut, 
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faave yet been discovered. This circumstaDce correspontb 
with the mora strict adaptation for marine existence which 
the siTucture of tite Ichth^otaurua presents, and corroborates 
the inference that the Pleeioaaunu IiTcd nearer the shCH«, and 
ascended estuaries. The reappearance of the lehthifotaHnu 
in the chalk formations proves that it had continued to exist 
in the neighbouring ocean, and indicates, perhaps, that the de- 
position of the cretaceous beds was related to the formati<m of 
the Wealden group by proximity of time as well as place. The 
terrestrial group of gigantic reptiles receives in the Wealden 
an accession of two new genera, viz., SykBogaunu and Mego- 
loiaurut ; and the remains of both these, and especially of 
the Iguanodon, are so abundant, that the Wealden strata may 
be regarded as the metropolis of the Dinosaurian order.' 

The amphibious crocodiles might be expected, from their 
known habits at the present day, to have left abundant evi- 
dences of their remains in strata which seem to have been 
deposited at the estuary or mouth of some great river ; in a 
climate, indicated by its vegetable fossils to have been warmer 
or mtae equable than at present ; and during a period of time 
which permitted the accumulation of 1000 feet of strata. 
Accordingly, the crocodilian order of reptiles has been found 
to be represented by several distinct genera in the Wealden 
formations. 

Some new characters and modifications of structure might 
also have been anticipated in those crocodilians which existed 
at a period antecedent to the deposition of about 1500 feet of 
cretaceous strata, which again preceded the formation of the 
vbole series of superimposed tertiary and diluvial beds. 
NevertlieleES, the remarkable modifications which all the 
Wealden crocodilians present in Uie sbitctwe of their verte- 



* Dr Muitalt cnlculatet that not lesa than fWTenty jiuUriduaU of the 
Igvoitodon, yarjiag lu age and ma^tvde,from the joungjnal escaped from 
the ihell tfi the mfttnre animal, with a femur of more than a yard in lengtb, 
have come under hia axuBJnation ; and he jnttij ahattvea that " more than 
Uuice that nnmber have, in all piohabilitj', been deitn)7«d b; the wotkmen, 
sod altogether elu4»d the obiarvation of the palKoatologiit," See hia Me- 
raoii in the Philosophical TianMctiona, 1S41. 
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bra, aa compared with the eocene and existing croeodilM, 
Ooold not have been anticipated ; and even now that they 
are aacerttuned by repeated obBerration, some of them still 
remain inexplicable in relation to any coojectoral habits 
ctf the Bpecies, or hypothetical conditions nnder which tiiey 
actually existed. We may understand why the ball and socket 
articulation of the Tertebne of the present amphibious croco- 
diles frequenting dry land, shonld be exchanged for a joint 
baring elastic substances included between two concave ar- 
ticalar snr&ces, as a structure better adopted to crocodiles 
more habitually living and moving in water ; but these croco- 
diles with biconcave vertebne are associated with others hav- 
ing plano-concave vertebra, and also with a species having 
vertebrae joined by ball and socket articulations. And the 
difficulty is not diminished by the remarkable fact of the lat- 
ter stractnre being the reverse of that in recent crocodiles, 
the ball and the cup having changed places in the extinct 
Slreptotpondtfltu ; and having assumed the position which 
they present in certain sauroid fishes, and in the dorsal and 
cervical vertebree of some of the herbivorous mammalia. 

The biconcave, plano-concave, and convexo-concave modi- 
fications of the vertebne, are not the only points in which the 
extinct crocodilians of the Wealden strata difFer from those of 
ibe London clay and from the existing species. The genus Go- 
niophoUt, for example, exhibitsa remarkable development of its 
dermal armour, the large quadrangular scutes of which, inter- 
locked by teeth received into depressions, are gigantic repre- 
sentations of the scales of some of the Ganoid fishes ; while 
the smaller hexagonal and pentagonal scutes" were articu- 
lated together by mar^nal sutures, as in the dermal bony 
covering of the armadillo. The Foikiloplevron exhibits a 
medullary cavity in the body of the vertebrte, and a double 
origin of the spinous process. The Suchosaurus offers a very 
striking change in the form of tfae teeth. The Cetiotmirus 
B all modem crocodiles in its enormous balk, which 



* These havi^becn diecovered lines the ArstsheeUof UdiBaportwent (o 
press, by my friend Mr Holmes of Horsham, in the Weftldan itraU nesr 
that town. 
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ahnogt rivals that of the whales, its soocesBors in the modem 
»ea8. The genus SlreptQspond^lue, which, in repeating the 
ball and socket strnctare, offers the strange anomaly of an 
anterior portion of the ball and a posterior one of the socket, 
makes its first appearance in the Wealden by a species which 
must have been little inferior to the Celiotaurut in length. 

The hnge terrestrial sam^ians of the Wealden deviate in so 
much greater a degree than the crooodilians Irom the existing 
types, as to render the formation of a distinct order for their 
reception necessary. 

It does not appear that any of the Chelonians of the Wealden 
period are specifically identical with those of the chalk. A new 
and singular osculant genus, Tretosiernon, here represents the 
Trionyces of the eocene. fresh water or estuary formations. A 
new species of turtle with an emydian form of shell, occurs in 
the Purbeck limestone ; and the head of a turtle from the 
Portland stone, upon which the Purbeck beds immediately 
rest, exhibits the same distinction of the separate nasal bones 
as does the skull of the turtle from the greeosaud, but com- 
bined with well-marked specific differences in other parts. 

The Portland stone Introduoes us to the great oolitic series, 
in which we lose sight of the Iguanodon, ffylceosaurus. Go- 
mopholis, and Sucho»aurua, but find that the Mesalotaurui, 
Poikilopleuron, Celioeaurut, Streplospondylus, and Piesio»an- 
rut, are genera common to the Wealden and oolitic periods. 

Now also the genus Ichthyosaurus, which was represented 
by a single species in the chalk epoch, astonishes us by the 
number of individuals, and the great variety of specific modi- 
fications and varieties of form and bulk, under which it exist- 
ed in the oolitic periods, especially in the older divisions of 
the oolite, as the lias. The number and variety of plesiosau- 
rian reptiles are even more surprising, and the modifications 
of their skeleton being more marked and various, proportion- 
ally facilitate the determination of the species. The largest 
of these plesiosaurian reptiles deviates, indeed, so far from 
the typical structure of the genus, as to merit sub-generic dis- 
tinction. This sub-genus, the Pliosaitrus, characterises the 
Kimmeridge and Oxford clays, but appears not to have ex- 
isted at the period of the tower oolite. 
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In&epiaee of the GcniopMit and SvcAotaurvs, the crocodi- 
lian geaent, Stm«oaaurui and TeUotauna, with the Bub-geaera 
^lodoH, Mjwtra)t(wrta, Macro^ondyl**, &c. (aepBrated, per- 
haps, withodt sufficient reason, from the first two t^ical 
genera of amphiccelian' crocodiles), make their appearance in 
the oolitic strata, especially in the lower divisions. The long 
and narrow snoots, sharp and slender teeth, short fore-limbs, 
and imhricated scatation of these extinct crocodilians, attest, 
with their vertebral structure, their adaptation to an aquatic 
life, and to the capture of a prey not more highly organized 
than fishes. 

Some small species of crocodilians and lacertians have 
left a few bones of their extremities in the oolitic slate of 
Stonesfield ; and a most singular order of reptiles now makes 
its appearance, the skeleton of which exhibits a modification 
of the lacertian type of structure closely analogous to that by 
virtue of which the mammalian bat is endowed with the 
powers of 'fl^ht. The flying dragons, called Pterodctctyli, 
were of small size, and are restricted, like the Teleoeauri and 
StmeoMuri, to the oolitic group. All the other genera are 
continued into the Wealden, — the Poikilopkuroa and M^eUo- 
taunu, by identical species, — the other genera by species 
which are distinct from those of the oolite. The Flenotawut 
and IchtAffosaunu, existed, as we have seen, as late as the de- 
position of the chalk. The anal(^ between the extinct rep- 
tiles and fishes, in regard to the great proportion of genera 
which are common to the Wealden and oolite, and the small 
proportion which is .continued into the cretaceous formations, 
offers a valuable corroboration of the subordinate character 
of the Wealden group as a member of the great oolitic series. 

No species or genus of saurian, represented by fossils from 
the oolite, has yet been discovered in older or lower strata in 
the British Islands. The JRygoeteus is apparently confined to - 
the bone bed under the lias, which may be regarded as the 
oldest member of the oolitic series in these islands. 

The reptiles of the Potkilitie strata exhibit deviations from 
the typical structure of the recent families, together with oscu- 
lant charactei's joining groups now distinct, as great and even 
more anomalous than occur in any. of the preceding extinct 
genera. 
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Tb« Miynduntmu of the new Tfld-Buidetone near Shrcws- 
boiy toaiiifeets ornithic uid cbelonika modifieatioiu, grafted 
upon an essentially lacertian type of cranial stroGture ; no 
approach even to the form of its extraordinary head being 
made by any other of the extinct memb^v of the sanrian 
order. Tlie vertebne of the BAynchotavna differ from tlloee 
of existing lizards, chelonians, and birds, and combine the \A- 
concsve structure with the oblique processes and oostal arti- 
culations of the vertebm of recent lizards. 

The Labyrinthodonts of the same formatitm exhibit a dif- 
ferent but an equally remarkable combination of cbameten, 
crocodilian modifications being superindooed upon a ftmda- 
mental organisation of the Babachian type. The rtraetnre 
of the teethin this remarkable family, which is the most com- 
plex that baa hitherto been met with in the whole animal 
kingdom, is unique in the class of reptiles, and is bnt partial- 
ly and comparatirely feebly repeated in that, of fishes. It ia 
highly probable that the modifications of the locomotive eztre- 
mities were as peculiar as the dental obaraeter, if we may 
jodge from the foot-prints of the 8o-«alled Oheirotherium, to 
which the Labyrintbodonts alone have at present an eqaitaUe 

Finally, the Palaaosanrus, and other genera of the magne- 
sian conglomerate, like the so-called monitors of Thuringia, 
are lizards, which combined a thecodont type of dentition with 
biconcave vertebrae, having the superadded peculiiurity of a 
series of ventricose excavations in the bodies of the Tertebre 
for the spinal chord, instead of a cylindrical canal. 
' Below the new red sandstone system, notwithstanding that 
the older deposits, as the coal measures, have been more 
thorou^ly explored by man than any other geological finrma- 
tion, no trace of a vertebrate animal more highly organized 
than a fish has been detected. 

From this survey it is evident, that many races of extinct 
reptiles have succeeded each other as inhabitants of the por- 
tion of the earth now forming Great Britain ; their abundant 
remains, through strata of immense thickness, shew that they 
existed in great numbers, and probably for many saccesnva 
generations. Their coprolitei prove) that they fed upon or- 
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gtntzed beings coexistiog with them, uid charaoteruing the 
sun« itnita, bat now equally extifict with their deronren. 

To whRt natural or Becondary cauae, it may then be asked, 
can the sucoesaiye genera and species of reptiles be attributed % 
Does the hypothesis of the tranamatation of species, by a 
march of development oocanoning a progressive ascent in the 
organic sctde, a£brd any explanation of these sarprtsing pheno- 
mena t Do the specnlations of Maillet, Lamarck, and Geof- 
firoy, derive any support, or meet with any additional disproof, 
from the facts already determined in the reptilian department 
of palKontology \ 

A sl^t survey of organic remains may, indeed, appear to 
support tiieur views of the origin of animated species; bat of no 
stream of science is it more necessary, than of paleontology, 
'*to drink dfl^ or taste not.*^ 

Of all vertebrated animals, the reptiles form the class which 
is least fixed in its characten, and is most transitional in its 
range of modifications ; the lowest oi^nized species are hardly 
distinguishable from fishes, and the highest manifest so great 
sn advance in all the important systems of their organism, that 
naturalists are not yet agreed as to whether reptiles ought to 
remiun in one class or form two. Reptiles are, besides, the 
only class of vertebrate animals in which certain species un- 
dei^, after birth, a metamorphosis as Angular and extreme 
as in insects. 

If the progressive devel<^ment of animal oi^niEation ever 
extended beyond the acquisition of the mature characters of 



* The following ore the latest terms in which the transmutation theory 
hSB been promulgated, as ■npportedbypalEEontology; — ""The life of animals 
exh^dla a continued leries of changes, which occupy so ehort a period, that 
we G«n genaraUy traoe their entire order of tnecession, and perceiTc the 
whole ch&nge of their metamoiphoBes. But the metamocphaaes of species 
proceed so slowly with regard to us, that we can neither perceive their ori- 
gin, their maturity, not their decay ; and we ascribe to them a kind of perpe- 
tni^ on the euth. A alight inspection of the orgaalo relica deposited in the 
cmat of the glob«i shews that the forms of species, and the whole loology of 
oar planet, have been constantly changing ; and that the organic kiugdems, 
like the surface they inhabit, have been gradually develt^ied from a simpler 
state to their pteaeat cosdltlon." Dr Oram's Lectures on Comparaiive Ana- 
tomy.— Xanocf, 1S36, p. 1001. 
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the iadividnal, so as to abrogate '6xity of species by a trzns- 
matstioQ of a lower into a higher organization, some eridence 
of it ought surely to be obtained from an extensive and deep 
survey of that class of animals which, whilst intermediate in 
wganization between fishes and mammals, prevailed most on 
the earth during the long periods tiiat intervened between Ae 
time when the only vertebrate anim^ were fishes, and the 
tertiary and modem epochs, when mammals have become 
abundant, and have almost superseded reptiles in the herbi- 
vorous and carnivorous departments of the economy of nature. 

In accordance with this not unreasonable expectation, the 
reptiles of the magnesian conglomerate and new red sandstone 
ought to have been orgttnized according to the type of the 
most fish- like perennibranohiate Batracbians ; and the fishes of 
the older strata, if they tended to a higher stage of develop- 
ment, ought, upon achieving the passage to the reptilian class, 
to have entered it at its lowest step. 

It is true, indeed, that the most characteristic reptilian re- 
mains of the new red sandstone do belongessentially, asby their 
doable occipital condyle, their vomerine palate bones and teeth, 
&c., to the Batrachian order ; but had the Labyrinthodonts now 
eJiisted, instead of ranking as the lowest members of that 
order, they would most unquestionably have been esteemed the 
highest ; and, as in the existing diver^fied order of Batrachia, 
one family* represents fishes, a secondt serpents, a third ge- 
nus I Cheloiiians, and a (burth § lizards ; so would the now lost 
Labyrinthodonts have formed batrachian representatives of 
the highest order of reptiles, viz. the crocodilians. Here, there- 
fore, we fiiid the batrachian making its first appearance un- 
der its highest, instead of its lowest or simplest conditions of 
structure. To use the figurative language of the transmuta- 
tion theory, the Labyrinthodonts are degraded crocodiles, not 
elevated fishes. 

But the bj'pothetical derivation of reptiles from metamor- 
phosed fishes is more directly negatived by the feet, that the 
batrachian type is not that underwhich reptiles make their first 
appearance in the strata which succeed the coal measures. — The 

* ferennibfanchiata. t Ceciliadie. [ Fipa,. 9 SaUmaadrH. 
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monitors of the Thiuingian Zechstem are older than the la* 
byrintliodonts of the Keuper ; and among %ituh. reptileis the 
thecodont luards of the magnesian conglomerate have eqaal 
claims to a more ancimt origin. 

The questions, which the unbiased collector of evidence 
hearing, upon the fiiity or mutability of species has next to 
resolve respecting these primeval lizards, are, whether they 
speared under the form of the low organized species, which 
one naturalist classes with Sauna, another with Opfddia, or 
whether they exhibit indications of having emerged, by pro- 
gressive development of straotnre, from any lower organized 
pre-existing group of cold-hlooded animals! To these inquiries 
the palaeontologist must reply, that the thecodont lizards of 
the zechstein and magnesian conglomerates combine well or- 
ganized extremities, with teeth implanted in distinct socliets. 
instead of being soldered, as in frogs, to a simple alveolar pa- 
rapet ; and that, therefore, if they existed at the preseut day, 
they would take rank at the bead of the Lacertian order, and 
not among the families most nearly allied to the inferior rep: 
tiles. Neither are the modifications of the skeleton of the 
Ehynchosaur, from the new red sandstone, such as indicated 
that singular lacertian to have been derived from the Ophidi- 
an or Batrachiaa orders ; bat, on the contrary, they connect 
it more closely than any known recent species with Chelonia 
and birds. 

The nearest approximation to the organization of fishes is 
made by the ichthjfoiaurut, an extinct genus, which a^^ears 
to have been introduced into the anoient seas, subsequent ta 
the deposition of the strata inclosing the remains of the theco- 
dont lizards. The ichthyic characters of this genus of marine 
saorians are not of a very important kind, being limited, like 
the modifications of the mammalian type in whales, to a rela- 
tionship with locomotion in water, while all the modifications 
of the skeleton which are connected with the r»spiratory, di- 
gestive, or generative functions, aXe conformable with the 
fairest or saurian type of reptiles ; such as the cranial anar 
tomy, the large size of the intermaxillary bones excepted; the 
dental structure, which corresponds with that of the posterior 
teeth in alligat(H^ ; the articulation of the neurapophyses to 
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the bodies of the vertebrn ; tba eomplicated pactortl acob ; 
the atermno, and e ew ^ to ■Uoninil vatao* ttf aba** &e. 
The circle of numeroiu tmbncated lolerotie bones reacherite 
mEudmam of developmeDt in the iciths/osaurus ; but thii u an 
exaj^ration of a stmcture feebly shadowed forth in some 
exitting BBomns, and more strongly Bfaewn in birds, rather 
tban a repetition of the simple bony sclerotic cup in fishes. 
By no known forms of floesil animals can we diminish the wids 
intwTfll which divides the most aaoroid of fishes Arom ui ick* 
thyotauna. 

This most extraordinary reptile b a aingol^r compound, in 
wUch iebthyic, cetacean, and ornithic cbaraeters are en^afts4 
upon KO. essentiaHy saurian type of structure. The iehfhyor 
taurut is, therefore, just such a form of animal as might be 
expected, were specific forms unstable, to denumateate a mu* 
tation of characters, or some tendency towards a pn^essive 
develt^ment into a higher and more consistent type of orgaar 
jzation. Nor is the field for testing the transmutation theory 
less ample than the subject is favourable. We have the ep* 
portnni^ of tracing the iohtl^etauri, generation after genera^ 
tion, tiirough the ^ole <rf the immense series of strata whLiA 
intervene between t^ new red sandstone and the tertiary de^ 
po^te. Not only, however, is the generie type strictly ad- 
hered to, but the very species, which made it£ first abrapt 
appearance in the lowest of the oolitic series, maintAios its 
characters unchanged and recognisable in the hi^iest of the 
fieooadaiy strata. In the «balk fi^rmatimiB, for example, tlM 
genus tcktkyoeaunu quits the stage of existence as suddenly 
as it entered in the lias, aoA with every ^^reciabU osteola^ 
gical diaracter iraehanged. 

Of the different speoes of the ichthyosaurui, founded i^oa 
minor modifications of the skeleton, sevOTal af^ear oontempdr 
raneously in the strata where the genus is first iotroducad { 
and those which remain the longest manifest as ILtde change 
of specific as generic cbaraeters. There is no evidence w^nt- 
ever that one species has succeeded, or been the result of the . 

* Thb stractore proves that the mode of geaeratiou of the id^Jiyoiavnu 
must hftve resembled that of Ibe crocodile, and not that of the b 
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JzBSSmotAtMO vf « foriBCT apeciefl. Th« fnnirnBlral icAiAg- 
ttamrmt tadatad at the sma tone, md onder the na* «xtaF- 

sal iafioeaesH, m the stroa^r and eborter jawed Jcktkyotau- 
ru$ cemmuHit ; jiut as the tenuirostral Deipkinua Gat^eticw 
£o-exi6t« at present with the short- jawed porpoise. 

If the relative periods of existence of the different Enalio- 
tauriaii reptiles were not well ascertained, and room were 
allowed for conjecture as to their successive appearance on 
this planet, it would Im as easy as seductive to speculate on 
the metataorphoses by which their organic frame-wcffk, ioflu- 
eaced, by varying conditions, durii:^ a lapse of a^es, might 
have been gradually modified, so as to have successively de- 
veloped itself from an ichthyosaur to a plesiosaar, and thence 
to a crocodile. 

We may readily conceive, for example, ^e fish-like charac- 
ters of the vertebral column of the ichlkyosaurut to have been 
obliterated by a filling i^ of the intervertebral cavities 
through osei&cation of the intermediate elastic tissue, and the 
plesiosaurian type of vertebra to be thus acquired. The nor- 
mal digits of the fin might be supposed to beeome strengthen- 
ed and elongated hy more frequent reptaiiiHi on dry land, 
and thus to cause an atrophy of the supwnnmefery fingers ; 
phalanges of a more saurian ^ure might have been producetd 
by the confluence of a certain number of digital ossicles ; the 
head migbt be shortened by a stunted growth of the iatermax- 
illary bcmes, and thus be reduced to plesiosauiian proportions. 
The teeth might become more firmly fixed by the shooting «f 
bony walls across their interfaces) as in the youngcrocodiles. 
If we BOW elongate the bodies of the vertelww, redvce stHne 
twenty pairs of anterior ribs to hatchet boue^ pLaoe the fore- 
paddles at a corret^ndmg distance frran the head, and the 
hind-paddles proportionally nearer the end of the tail, little 
more will be required, to complete the transmutation ctf tJxe 
ichthyosMur into the plesiosaur. 

If next, in adaptation to a gradnal change <^ surrounding 
fircumstanees, the jaws of the Plesiosaur became lengthened 
to the proportions of those of the tenniroi^al Ichthyosaur, bat 
at the expense <^ maxillary, instead of the intermaxillary bonee, 
preserving the socketed implantation <^ the teeth ; if, to ba- 
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laace the elongation of the jaws, tbe neck, at the same time 
ahrunk to nearly its former Ichthyosaurian proportions, with 
aome sliglit modifications of the Plesioeanrian type of the ver- 
tebne ; if a farther development and a more complete sepa- 
ration of the digits of the fore and hind members were to take 
place, so that they might serve for creeping as well as swim- 
ming; if the exposm-e of the surface to two different media, 
and of tbe entire animal to perils of land as well as of sea, 
were to be followed by the ossification of certfun parts of the 
skin, and the acquisition, by this change, of a dennal armoar, 
such we might conceive to be the leading steps in th» trans, 
mutation of the Plesiosaur into the Teleosam-. 

And if the three forme of extinct Saurians, whose changes of 
specific and generic have thus been speculated on, had actually 
succeeded each other in strata successively superimposed in the 
<»^er in which they havehere been hypotbetically derived from 
one another, some colour of probability mi^t attach itself to 
this hypothesis, and there would be ground for searching more 
closely into the anatomical and physiological possibilities of 
such transmutations. Ichthj/oiaurut, Plegiotaurut, and TeUo- 
saurui are, however, genera which appeared contemporaneous- 
ly on the stage of vital existence ; one neither preceded nor 
came after the other. How the transmutation theory is to 
be reconciled to these facta is not obvious ; nor to these odiers. 
viz. that the Teleosaur ceases with the oolite, while the Ich- 
thyosaur and Plesiosaur continue to coexist to the deposition 
of. the chalk, and disappear together alike unchanged ; the 
Ichthyosaur manifesting as little tendency to develope itself 
into a Plesiosaur, as this to degrade itself into tiie more fish- 
like modification of the Enaliosaurian type. 

If it were urged that the Streptoipondylw, or crocodile with 
ball and socket vertebree, of which the remains occur in later 
secondary strata, when the Teleosaur had ceased to exist, 
might be a modification of the apparently extinct Amphicie- 
lian crocodile, in which the vertebrae had undergone a pro- 
gressive development, analogous to that by which the bicon- 
cave joints of the vertebra? of the tadpole are actually con- 
verted into the ball and socket joints of those of the mature 
* tta%, the facts of both geology and anatomy again oppwe 
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themselves to soeh an hypothesis ; for the reroiuns of tlie Strep- 
tospondylus occur likewise in the Whitby lias, which is the 
earliest fonn&tion chamcterized by remains of the Teleoiau- 
rns ; and the modifications of the vertebral structure, by which 
the Strepfoipondylia differs from its ancient contemporary, 
and which it retains analtered throughout the whole series of 
oolitic strata, is no approximation to the ball and socket struc- 
ture of modero crocodiles, which first appears in the Motatau- 
nu and the Eocene crocodiles, but is the very reverse. As 
reasonably might we infer that the Teleosaur was an inter- 
mediate form between the Streptospondylns and modem cro- 
codiles, and that the anterior ball had first sulisided, and a sub. 
biconcave type of vertebrK bad been produced before the pos- 
terior ball, which characterizes the vertebrae of recent croco- 
diles, was finally developed. 

If the present species of animals had resulted from progres- 
sive development and transmutation of former species, each 
class oi^ht now to present its typical characters under their 
highest recognized conditions of organization ; but the review 
of the characters of fosul reptiles, taken in the present Keport, 
proves that this is not the case. 

No reptile now exists which combines a complicated and 
thecodont dentition with limbs so proportionally large and 
strong, having such well-developed marrow bones, and sus- 
taining the weight of the trunk by synchondrosis or anchy- 
losis to so long and complicated a sacrum, as in the order Hi- 
noaauria. 

The Megalcsaurs and Igoanodons, rejoicing in these unde- 
niably most perfect modifications of the reptilian type, attained 
the greatest bulk, and must have played the most conspicuous 
parts, in their respective characters as devourers of animals 
and feeders upon vegetables, that this earth has ever witnessed 
in oviparous and cold-blooded creatures. They were as supe- 
rior in organization and in bulk to the crocodiles that preceded 
them as to those which came after them- 

There is not the slightest ground for affirming that the pro- 
vcelian Gavial of the present day is in any respect more high - 
ly organized than the opisthoceelian Gavial of the oldest lias. 
If the differences of vertebral structure in these crocodiliana 
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were contrasted, in reference to their relatire npftfoxlmstton 
to the Tertebral strnctare of the higher anintats, tiie resem-^ 
bianco of tke ball asd socket joints of the spine of the Strep- 
to^Kmdjlm to those of certmn maminalfl wcmM give prece- 
rtence in organic perfection to the primeTal Gavial. 

If, therefore, the extinct speCTes, in wbidi the reptilian or- 
ganisation cnhntnated, were on the march of development to 
a hi^KT type, the Megalo»aurH» onght to have given or^in to 
(he camirofom mammalia, and the herhirorona ^>oald have 
been derived from the Iguanodoit. Bat where is the trace of 
Ruch mammalia in the strata immediately sDceeedtng thoee in 
which we lose sight of the relies of the great Dinosanrian rep- 
tiles % Or where, indeed, can any mammiferous animal be 
pointed oat whose wganizatlon can, by any ingenuity W li' 
(•once of conjecture, be derived withont Tioiation of all kno^vn 
anatomical and physiological principles, Itchu traasiaatation 
or pn^ressive development of the fairest reptiles. 

If something ntore than a slight inspection he bestowed 
upon the organic relics deposited in the crust of the glohe, we 
learn that the introduction of the msntmalia on that crust is 
independent of the appearance of the highest forms of reptiles. 
The small insectirorous mammals of the lower ooHte* are 
contemporary with the most ancient Dinoaanr, and are ante- 
rior to the Jgwanodon. 

The period when the class of reptiles flourished under the 
widest modification!), in the greatest number and of the hig-hest 
grade of oi'ga nidation, is past ; and, since the extinction of the 
Dinosanrian order, it has been declining. The reptilia are now 
in greflt part superseded by higher classes : Pterodactyles Wvo 
given way to birds ; Megalosaurs and Iguanodons to carnivo- 
rou'* and herbivorous mammalia ; but the sudden extinction 
of the one, and the abrupt appearance of the other, are alike 
inexplicable on any known natural causes or ansdogies. 

>few species, genera, and iamiliea of reptiles have constantly 



* Porlhepniaf of tlie often doubted mamniBliaDchanicterof theThjrlacO' 

tlierium and Phascolotli^riuni of the Stooesfield slate, the reader ia refeirod 
to the inomoiis in tlia Bixth volume of (he second series of llie Geological 



D,g,l,..cbyGOOglC 



Ptofefisor Ow*n on Briliah Fostil Stptikf. U 

StteCefeded each other since the earliest periods in which the 
remaiDS of this class can be discerned ; but the change had 
been, upon the whole, ftt)m the complicated to the eimtile. 
The Batrachian order, Which is first indicated by the lar^ anit 
powerful crocodiloid Labyrinthadonlt, has dwindled down to 
the dtminatiTe and defenceless Anourans and the fish-tike 
Perennibranchians. The Saurian order was anciently repre- 
sented by reptiles manifesting the crocodilian grade of orga- 
nutation, under a rich variety of modifications and with great 
development of hnik and power ; it has now subsided into a 
ftwarm of small Lacertians, headed by so few examples of the 
higher or loricate species, that it is no marvel such relics of ai 
once predominating groap should have fiinnd a humble place 
in Linnieus's catalogue of nature as co-ordinate members of 
Ae genus Lacerta. 

Nevertheless, some genera! antdogies may be traced between 
the phenomena of the succession of reptiles as a class, ahd 
those observed in the development of an individual reptile 
from the ovum. Thus the embryonic structure of the verte- 
bfte of the elisting crocodiles accords with the biconcave type ; 
and this is exchanged, in the development of the individual as 
in tiie Buccession of species, for the ball and socket structure 
as the latest condition. 

The almost universal prevalence of the more or less bicon- 
cave structure of the vertebrte of the earlier reptiles, thus esta- 
blishes a most interesting analogy between them and ^e 
earlier stages of grovrth of existing reptiles. 

A umilar analogy has been pointed out by M, Agasslz, be- 
tween the heterocercal fishes, which exclusively prevail in the 
oldest fossiliferous strata, and the embryos of existing borao- 
cercal fishes, which seem to pass through the heterocercal 
stage. The superior number of loricate reptiles, and the more 
complete development of the dermal armour in the crocodilian 
genera Steneosaurus, Teleosanrue, Goniopholis, &c., of the 
oolitic and Wealden strata, corresponds with the prevalence of 
the well-muled Ganoid order of fishes in the same formatiims. 

The fossil reptiles, like the fossil fishes, approximate nearest 
to existing species in the tertiary deposits, and differ firont 
them most widely in rtrata whose antiqnity is highest. 
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Not a single species of fossil reptile now lives on the pre- 
Bent surface of the globe. 

The characters of modem genera cannot be applied to any 
species of fossil reptile in sti'ata lower than the tertiary for- 
mations. 

No reptile, with vertebrse articulated like those of existing 
species, has been discovered below the chalk. 

Some doubt may be entertained as to whether the Ichthyo- 
saurus communis did not leave its remains in both oolitic and 
cretaceous formations ; but, with this exception, no single 
species of fossil reptile has yet been found that is common to 
any two great geological formations. 

The evidence acquired by the researches which are detailed 
in the body of this Report, permits of no other conclusion than 
that the diiferent species of reptiles were suddenly introduced 
upon the earth's surface, although it demonstrates a certain 
systematic regularity in the order of their appearance. Upon 
the whole, they make a progressive approach to the organiza- 
tion of the existing species, yet not by an uninterrupted suc- 
cession of approximating steps. Neither is the progression one 
of ascent, for the reptiles have not begun by the perenni- 
branchiate type of organization, by which, at the present day, 
they most closely approach fishes ; nor have they terminated 
at the opposite extreme, viz. at the Dinosaurian order, where 
we know that the reptilian type of structure made the nearest 
approach to mammals. 

Thus, thou^ a general progression may be discerned, the 
interruptions and faults, to use a geological phrase, negative 
the notion that the progression has been the result of self- 
developing energies adequate to a transmutation of specific 
characters ; but, on the contrary, support the conclusion that 
the modifications of osteological structure which characterize 
the extinct reptiles, were originally impressed upon them at 
their creation, and have been neither derived from improve- 
ment of a lower, nor lost by progressive development into a 
higher type. 

The general progressive approximation of the animal king- 
dom to its present condition has been, doubtless, accompanied 
by a corresponding progress of the inoi^nic world ; and thus. 
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- the differences which comparative iinatAnif demonstrates to 
■ have existed between the vertebrated inhabitants of the se- 
condary epochs of the geological history of the earth, and the 
tertiarj and present periods, form legitimate grounds for spe- 
culation, not only on the essential nature and causes of those 
differences, but upon the progressive changes to which our 
planet and its atmosphere may have been snbject. For, whe- 
ther there had b^en grounds for regarding the organic pheno- 
mena of primeval times as earlier stages in the progressive 
development and transmutation of species, or whether, as the 
closest investigation of these phenomena seems to demonstrate, 
they have been the result of expressly created and successively 
introduced species, — they naturally lead the physiologist to 

- speculate on the varying conditions of the surrounding media 
to which such organic differences may have related. 

Now, reptiles mainly and essentially differ from birds and 
mammals in the less active performance of the respiratory 
junction, and in a lower and simpler structure of the lungs 
and heart, whereby they become, so to say, less dependent on 
the atmosphere or oxygen for existence. From their extra- 
ordinary prevalence in the secondary periods, under varied 
modifications of size and structure, severally adapting them to 
the performance of those tasts in the economy of organic na- 
ture which are now assigned to the warm-blooded and quick- 
breathing classes, the physiologist is led to conjecture that the 
atmo^here had not undei^one those changes, which the con- 
solidation and concentration of certain of its elements in sub- 
sequent additions to the earth's crust may have occasioned, 
dunng the long lapse of ages during which the extinction of 
so large a proportion of the reptilian class took place. And 
if the chemist, by wide and extended views of his science in 
relation to geology and mineralogy, should demonstrate, as 
the botanist, from considerations of the peculiar features of 
the extinct Flora, has been led to suspect, that the atmosphere 
of this globe formerly contained more carbon and less oxygen 
than at present, then the anatomist might, ^ priori, have con- 
cluded that the highest classes of animals suited to the respira- 
tion of such a medium must have been the cold-blooded fishes 
and reptiles. 
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And, besides the probabUity of such a condition of &• «<)«• 
logical series being connected witb the chemical inodificatioiiB 
of the air, the terrestrial r^tiles, irom the inferior energy of 
their muscular contractions, and still more'from the greatw 
.irritability of the fibres, and power of continuing their aetioBs, 
woold constitute the highest orgttnized species, beat adapted 
,\o exist under greater atmospheric pressure than operates on 
.the aorface of the earth at the present time. 

Through snch a medium, approaching in a corresponding de- 
.jpee to the physical properties of water, a cold-blooded animal 
might even rise above the sur&ce and wing its heavy flight, 
.sinc^ this would demand less energetic muscular actions than 
.^re now requisite for such a kind of locomotion ; and thus wo 
may conceive why the atmosphere of our planet, during the ear- 
lier oolitic periods, may have been traversed by creatures of no 
higher organisation than Saurians. If we may presume to 
conjecture that atmospheric pressure has been diminished by 
^ change in the composition as well as by a dimination of the 
general mass of the air, the beautiful adaptation of the Btruo- 
ture of birds to a medium thus rendered both lighter and mere 
invigorating, by the abstraction of carbon and an increase ef 
oxygen, must be appreciable by every phydologist. And it is 
not without interest to observe, that the period when such a 
chapge would be thus indicated by the first appearance of birds 
in the Wealden strata,* is likewise characterised fay the pre- 
TAlence of thoBe dinosaurian reptiles which in etructore moat 



* Footprints altme, like those termed " Onkithicbnites," obaerred in the 
new led Msdatone of Oonnecticnt, an inaafficieut to aopport the iBference 
pf the yQMWioo of the highly developed otgani»»tioa oft bird of flight by the 
nre^tnTH which have left them. The BbyiidioMni and bqied Pterodectylea 
Iilready wun lu how closely the Ornithic type may be ap^roadted witheut 
the essential characters of the Saurian being lost. By the Ohirotherian Icb- 
nelites We learn how closely an animal, in all probability a Batrachian, may 
MMmUe a padimanous mammal in the form of ita foat-prints. 

The depee in which flying ineeots can re*>st noxions gases, which would 
be qoioklj fatal b> the warm-blooded vertebratM, invalidate* th^ objection to 
a progiessive change of atmospbere baviiig fccpm^gAi^ the ^valence of 
^oiclt tar^athis^ raimds, wMdi m^ht be suggested by tbe LiMlulm of tbe 
)ua ia4 ky tta Mlitie baetUs. 
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nwirly apiHWwb imunmalift, u>d which, in all probability, from 
tiwir correqiondflace with crocodilw in the anatomy of the 
thorax, enjoyed a circnlatioD as complete as that of the croco- 
dile when breathing freely on dry land.* 

The first iodioatioos of the wann-blooded classes, it might 
be anticipated, would appear, if introduced into the reptilian 
era, under the form of such small insectivorous mammals, as 
are known at the present day to have a lower amount of re- 
epiration than the rest of the class ; and the earliest discovered 
remains of mammalia, as for example, those in the Stonesfield 
oolite, are actually the jaws of such species, with which are 
combined the characters of that order, Marsnpialia, which is 
most nearly related to the oviparous vertebrata. 

The present speculations are, however, offered with all due 
diffidence ; the collection of the evidence requisite for pursu- 
ing them to a semblance even of demonstration is only juat 
begun, and they are thrown out with no other expectation of 
utility than as incentives to the clieuiical consideration of the 
nature and possibilities of such atmospheric changes us may 
be pbytiologically connected with the variutiuns of organic na- 
ture made known by the researcbes of the anatomist. A too 
cautions observer would, perhaps, have shrunk from such spe- 
culations, although legitimately suggesting themselves from the 
necessary relations between the organs and media of respira- 

• All exiBUttg reptilw, which have the rib« ftt tbe »nt«rior part «f the 
thorax Doitad by a head and tubercle to the centruoa end neurapophjui of 
the vertebiw, have a heart with two diatinct vcntriclea, m well ae two anri- 
ties. The coDtiRtiou* aortn arising from the two ventricles intercommunicato 
bj an qierture lo placed ac to be covered b; the sigmoid valves when blood 
ii Iraaamittcd equally through them. When the ampliibioiu crocodile auf- 
fer* an interruption in the pulmonary circulation by continued submaraiw, 
the aorta from the left ventricle, by the commuDication above mentioned, 
receires venoui blood from the overcharged cavities of the right side of the 
heart; but when respiration ia in full vigour on dry laud, an undiluted 
stream of arterial blood ia tianemitted through the left aorta to the head 
and anterior extrcmiticB. The Dinosaurs, having the same thoracic struc- 
ture as the crocodiles, may be conclndcd to have poMessed a four-cbambered 
heart ; and, from their superior adaptation to terrestrial life, to have enjoyed 
the function of such a highly organised centre of drcnlation, In a dagree 
more nearly appreacliing that which now chanKterifM the wans-Uoodid 
vertebrata. 
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tioD ; bat the sincere and ardent searcher after truth, in ex- 
ploring the dark regions of the past, must feel himself bound 
to speak of whatever a ray from the intellectual torch may 
reach, even thongh the features of the object should be but 
dimly revealed. — Plymouth BHlith AtsociaHon Beporl, p. 191. 



On the Influence of Mounlaitu on Temperature in the Winter 
in certain parti of the Northern Hemisphere. By Mr 
Hopkins. 

It nas stated by Mr Hopkius, at the Plymouth Mce^g of the British 
Association, that between the latitudes of 40° and 70° north, there is, in 
the Mme patallcls, a great diS^renee of temperature, parlieidaily in tlie 
iriater, amouuting, in some cases, to as much aa 40° or even fiO° of Fah* 
renheit. The western coasts of the tvo continents are much wanner than 
the eastern, and the winds geoetnllj blow from the sea to the western 
coasts; and it has been inferred that the prevuling winds passing ever 
sea to the western coasts, and over land to the eastern, was the cause of 
the dilFercDce in the temperature. This inference ia not, however, in ac- 
cordance with facts, as the low temperature is not proportional to the 
distance from the western coast. Throughout this part of the northern 
hemisphere, it i< found that climate has certain relations to the elevation 
of land, not simply arising out of (he elevation of tliat part of the carlti'!. 
surface above the general level, but out of the influence which the elf va- 
tion exercises on the atmosiiero. (Here a diagram was eihibitcd, illus- 
trating Hadley's theory of the atmospheric currents.) This theory re- 
presents the tropical atmosphere as rising and flowing over at the top to- 
wards the polar regions, and returning when cooled, flowing along on the 
siir&co of the earth. This inequality of temperature in the atmosphere 
would cause an upper current to flow north, and an under current to Bow 
south. But the unequal velocities of tlic different parts of the earth's 
surface, from the equator to the pole, modify the course of these cur- 
rents, and make the upper a south-west, and the loner a north-enst 
current, as shewn by lines on a Mercator's churl. This theory, true 
in its leading principles, does not account for what occurs on the earth's 
surface, because it does not take in all the causes that arc in operation ; 
which causes materiallj' modify the general results. The polar current, 
in flowing from the north-eastern pnrt towards the south-west, meets 
with elevations of the land, and Is, consequently, along a diagonal stripe 
In tlie direction of the general currents, obstructed in its progress, and 
SOjnelimes stopped, and obliged lo turn back, as an upper current, to- 
wards the pole i while beyond the obstruction, nearer lo the equator, the. 
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tn^cal oitippcf CDRenti not being met b; % polar cnnent along thia 
line, flows towards the obstniotion, from whence it returns partially 
eooled as an nnder current. The consequence is, that along such a 
stripe, the gteat atrnDspherical currents, instead of proceeding from the 
equator to the pole and back again, go on the north side from the polo 
to the obstruction, and bock to the pole ; while on the south side, the 
flow is from the equator towards the obstruction, and back again to- 
wards the equator, leaving the obstruction a dividing line marking gi^t 
difference of climate in the winter season- 
In the New World a tidge of mountains extends from Mexico bj the 
Rocky Mountuns, some of which are stated to be 2fi,000 feet high, to the 
Frozen Ocean. This ridge crosses tbe diagonal line of the great atmo- 
spherical currents, and constitutes such an obstruction as that described. 
In tbe Old World, a nnmber of similar ridges extend from the southem 
point of the Himaiaya Mountains to tbe Swiss Alps, including the range 
of the Himalaya, Hindoo Eoosh, Oentnd Asia, Armenia, Circasaia, the 
Carpathian Mountains, and the Illyrian and Swiss Alps ; and the cli- 
mates found to the north-eest of these chains are materially difi'erent 
front those which exist to the south-weGt. The greatest difference in 
cliniate in those parts is found in the beginning of winter, and is, it is 
presumed, caused by the different quantities of atmospheric steam con- 
densed in tbe respective parts. In the tropical seas, a quantity of steam 
exists in the atmosphere sufficient to give a dew point of 80°, making tbe 
steam l-48tli part of the whole atmosphere. This steam, if all condensed 
into water, would give a depth of about nine inches. The steam is re- 
gularly carried, in the autumn and the beginning of the winter, when the 
northern hemisphere is cooled down, from the tropical regions in a north- 
east direction towards the polar regions, or towards some obstruetiug 
elevation of the kind, and is to a great extent condensed ; and it is to the 
condensation of this steam that wo are to look for the great difference of 
irinter climate in the same latitudes of the noKhern hemisphere. The ' 
steam in the tropical regions of the Pacific Ocean that flows towards the 
north-east, with the south and south-vest winds that prevail in those 
parts, is carried to the American ridge, and is there condensed. The re- 
sult is, that tbe south-west side of this chain of mountuns is wet and 
warm in the winter, from the tropics to Nootka Sound, and still brther 
north. Captain Cook, Lewis and Clarke, Captain B. Hall, and Hum- 
boldt, describe the climate of this part in snch way as can leave no 
doubt of tbe fiict. But beyond this ridge, to the north-east, we have a 
different climate in the winter, it being aa remarkable for being cold and 
dry, as the other ude is for being wet and warm. Captain Parry, Captain 
Back, and Levris and Cinrke, represent the country in the winter, from 
the shores of the Frozen Sea to the Missouri, as very cold, and generally 
dry. Here we trace the efifect of the condensation of steam, and of its 
absence, on the climates of the diS'erBnt parts. In the Old World the 
iune causes produce the same effects. On the BoUtb-weit sides' of the 
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vatimfM pAgea of mouBtaiu, the weather is in t^ie Mitwii« and wly yftft 
of viuUt veiy wet and wuid far the ]atitv4Mf Tbis ii puticululr (••n 
in HindosUn aqd the gouth-west coast of Italj; whjla (4 th« wrtlkwtt 
of these mouiitMiu the climate is cold and di^, eitendinf over FoUndi 
Bumiai C^tnl Asia, and Siberia. The very beavf nini whicb &U to 
the south of the Himahtya Mountains indioata the great Oondenaa&m of 
steam that take! place in that part pi the wotU ; and the effaot prpduovd 
en the climate is nmarluble. The TsUeyi are habitable to a great eleva- 
tion, and Major Archer states, that wheat is grown at a height of 13,000 
feet, in let. 32° north ; whilit Hamboldt iepie»enti 1300 feet u the 
greatest height at which wheat can be grown in Tenerifie, a phice 4° more 
south. But when the steam that is in the atmosphere is all, or |iew]y 
all, condensed agunst the sides of elevated ridges, it is evident that it 
oanaot cart; ita warming influence bidier north, Hence the pari of the 
globe between these ridges and the polar regions will, in autumn and 
winter, be dr^ and very cold. In order to reason on the causes of the 
difference of winter climates in these latitudes, let it be supposed that the 
present Asiatic mountains were removed further north — say to Northern 
Siberia. Then, as there would be no longer elevated land to intercept 
and oondensc the steam, where it is now condensed, it would flow ftr- 
tber north, towards Siberia, and be there n>ndenf«d> uid it would render 
that qountrj-, now so dtj and cold in the winter, wet and warm. The 
British Iiluids are now made warm in the autumn and the begianiDg ef 
winter by the steam that it brought from the tropical repons. But sup- 
peiealirfljridge of mountun* to extend from Uie Canarj' Islandt to New 
York, and the effect would be, that the steam now brought north to moie 
than 50° ef latitude, would be condensed 10° to lfi° more south, and the 
British Islands would be as cold in the winter as the same latitudes ar* 
at present in Asia and America. That the relative situations of land and 
water are not the cause of the great diflerence of climate, may be shewn 
hy supposing an alteration in certain parts of the earth's surface. Were 
ecntral Asia to beoeme sea instead of land, that circumstanee would not 
prevent the present mountains from condensing the tropical steam, as they 
now do, and oonsequentlf would not prevent that degree of eold and 
dryness which results ftom the interception of tiiat steam in those parts, 
though they wjould be then sea instead of land. In likemanner, suppose 
a belt of low level land to extend from Spain acrosa to Davis' Btrsits, 
which is now sea ; and it will be perceived that this pert, being land in- 
stead of sea, would not, in the summer and autumn, prevent the tropical 
■team from flowing to the British isUnds. It would not be until winter 
had cooled down this auppoaed land below the Ismpentura of the [oesttDt 
sea, that any greater condensation of tropical steam would take place 
south of the British islands. From these various considerations, we are 
warranted in earning to the eonolosion that the gnat diffannee in 
iha «ititei cUaatea <rf certMB parts of the northen hewayliaie, \» atui^ 
hutaUa t« elavatioMrf lead intereepting and eendansiBg atotoqphenO' 
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•tWHi VHA (bvi r^4wB« thpw pwU wet Mid wtrm, «ktt«i ««Hwff eff 
tkB ivpply fran mpn ^eItlle^! pufti, \wn thoM pMtl iby m4 Mid — ■ 
^fi«iKfiia>, JVe- 720j jmv* 6«4. 



iPigw/ (Ml the Sude Light. By Anprew V**, M.D., F.R.&- 

' Frqu the Report of a Committee of the KooBe of Commoni, it np- 
p^rs thqt tbiB l^bt u M odled from Bvde, in OmwaJ/, the rMideace c^ 
its inventor^ Mr Gumey—- a name bestowed upon it at the Trinity Uouse^ 
to distinjfuiAh it horn tha ignited lime light wbicb ha first described ir iiijj 
wo^ on chemistry in the year 1823, 

The Buda lig^t aiiginijly consiated of ^n oil argwd flame, having ft 
stream of oxygen thrown op over its Internal snrfcLCc, which produoed s 
very Tind illuroinRtion. It wu found, however, after haviiig been ueed 
for some time In lifting the House of Commons, that oil lamps thus fod 
vrith vital air were expensive and difficult to regulate. 

Mr Oi^mey then tried to illuminate the House with napbthaliied coal' 
f^, in argand burners, similarly supplied with oxygeii ; aqd though thjs 
produced a Uglit of sufficient intensity, he encountered a formidable ob- 
stacle to its continuance from the deposition of liquid Qaphtha in the tube? 
of distribution. He next happily discovered a methpd of Qbtajvini, froiv 
ordinary coal-gas, purified in a simple apparatug of his ovrvj and burped 
with oxygen derived from the atmosphere, an e6ulgeace sdequ^to to 
every purpose of intemal and external illumination, which ia Dow lued in 
the House of Commons with perfect success, and at a eoai of only twelve 
shilllngB per night, whereas that of the candles previously used there 
amoimted to six pounds eleven shillings per night. 

This new Bude light possesses the following advantages over all other 
kinds of artificial illumination hitherto displayed. 

Firit. — It gives as much light as the best aigand gas flames, vrjth pnly 
one half the expenditure of gas. This very remsrbable &ct was estab- 
lished by experiments carefully conducted with the same standard wax 
candles which I employed for comparison prior to my examination be- 
fore the late committee appointed to ascertain the best mode of lighting 
the House of Commons, A common argand gas flame was found to emit 
a light equal to ten such candles (three to the pound) ; aqd a Bude 
buracTi called No. 10, gave a light equal to B4.7 of the candles, Thus, 
the Bade fiame had nearly ten times the illuminating power of the gas 
a^gand flame ; while, by means of an accurate gas-metre, the farmer wa* 
ascertuned to consume only 4.4 times the quantity of gas consumed by 
the latter, demonstrating the economy of the Bude light over oommon 
gas to he greater thw tw« t? on; ; wd lliii evonvtvy incteaiea In propor- 
tion to the mafnit>i4e eC tb« lif i(t- lbs bqutc« pf ttui sutptiiiog sups' 
polity pay \>t observed by eomp«yig the two iMl!*( : the tw* 9f t^ 
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aigflnd gas flame is of a blue ttot foi Ibnrteen-sisUentlu of an incb, a, 
space ia which the gu buma witL intense heat) but little or no light ; 
wheicBB the base of the Bade flAme acquires s dazzling whiteness at three- 
dsteenths of an inch f^om the metal. Thus we see, that, through a nnge 
of eleven-sixteenths of Kn inch, the common gas atgand flame is wasted 
in producing the nuisance of heat without light. 

Seeondfy. — From the phenomena just noticed, as also bom the circum- 
stance of the Bude flame emitting a double light with a nngle yolume of 
gas, when compared with the gas argand, it is manifest that the former, 
in equal degree, can disengage at the utmost onlf half the heat that the . 
latter does. 

Tbirdig.— The Bude light simplifies greatly the means of artificial illu- 
mination, since it concentrates in one flame as much light as will diffiiae, 
throughout a large apartment, a mid-daf lustre, which maj be softened 
bj shades of ever; hue, and reflected bj minors in every direction. 

Fourthiy. — From this property proceeds its value as a ventilator, since 
the ^gle tube which carries off the burned gases serves to draw out also 
the efflnvia from a crowded chamber. 

From all these facts, I am of opinion that Mr Gumey's new Bude light 
is a most meritorious invention in reference to both public and prirate 
buildings, as it removes altogether the objections hitherto justly urged 
ag(unst the use of the highly hydrogenous gas of the London companies 
in dwelling-houses, namely, that its heat is great in proportion to i ts light, 
when compared with the mote highly carbuTetted gases of Edinbuigikand 
Glasgow. 

The dme must cherefbre be now at hand when the great economy and 
convenience of lighting private bouses with gas will be experienced by 
the inhabitants of the metropolis, as they have been for sueh a considerable 
time by those of every town of importance in Scotland. 

That the same quantity of coal-gas may be made to prodace a double 
amount of illumination in Mr Onmey's patent burner to that obtained from 
it in aa ordinary argand, will appear to many a paradoxical, if not a 
doubtful, proposition. Of its reality, however, I am fully convinced, and 
I think the &ct may be accounted for in the following way : — 

Ijght, in general, is proportioni^ to the intensity of ignition, a truth 
well exemplified in the efiect of the oiy-hydrogen flame upon a bit of 
lime or clay. On the same principle, when the flames of two candles are 
brougfit into close contact, they aS'onl a compound light considerably 
greater than the sam of their separate lights. Now, Mr Qumey's burner 
gives such a compound flame. It consists of two or more concentric cy~ 
linders of flame, mutually enhancing each other's tempemtUTe, just as in 
Fiesnel's polycyck oil argand lamps used tn the French lighthouses. 

In addition to the augmented intensity of ignition, we must also take 
into account the peculiar nature. of the combustion of carburetted hydro- 
gen gas, whether as generated from coal ina retort, ot from oil in a lamp. 
The vivid whiteness of its flame is due to thesepMation in solid particles. 
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^ud nibflequent ignitjon of it« carbon. Pure hydrogen, when burned, 
afibrds a vei; feeble light; and \TheneTer ao mnch ut is mixed with coal- 
g«s as is sufficient to consume all its carbon nmultaneously with its by 
drogeu, it bums with a dim blue flsme. Now, in the base of a conunon 
BTgand flame, an excess of cold atmospherio oxjgen is allowed to act 
upon the ooal gas in the vacant spaces between the pin-holes, whereby 
the temperataie being greatly lowered, while the carbon ia cansumed in 
the gaseous state, the light from these two causes is Dearly null. It is 
not till the gaseous mii^ture rises and forms a continuous hot cylinder, 
without interstitial streams of air, that it emits a white light from the 
ignited particles of tbe carbon precipitoted in the interior of the flame. 

In Hr Qomey's concentric series, the prejudicial excess of atmospheric 
air is prcTented, and only so much permitted to come into contact with 
the gas, as will effect the due separation sod ignition of its carbon, even 
at the origin of the flame. 

To these two causes conjoined, viz. the increased intensity of ignition, 
and the Umited supply of oxygen, it is that the new Bude flame owes its 
economy of illumination. The effect of oxygen in excess, is el^antly 
demonstrated by throwing up a stream of it within a gas argand flame, 
for the light is thus nearly annihilated, while the heat is prodigiously 
augmented. 

As regards the specification of the patent for this improved mode of light- 
ing, which I have carefully examined, I have no hesitation in declaring it, 
IB my opinion, to be valid and unimpeachable. — T%e London Journal 
and R^ertory i^Artt, Seimeet, and Mami/acivret, No. CXXV., p. 292. 

Semarki on the CMmate of £^pl. By M. Joseph Bussboqeb, 
Austrian Councillor of Minee. . 
Seatont. — Lower Egypt, lying between the SOtti and 31st 
degrees of latitude, belongs, in bo far as regards the yearly 
periodical sequence of the seasons, to the system of Southern 
Europe, but of coarse presents those modifications which are 
peculiar to warmer climates. Thus, Lower Egypt has its 
Slimmer and its winter at the time of our own, only with this 
diflferenee, that the latter is a period of rain, which occurs 
during onr winter months. Spring and autumn almost entirely 
disappear in warm climates, and there those delightful trao- 
siUons irom winter to summer, and vice vema, which we enjoy 
in the more temperate zones, are unknown. In tropica! coun- 
tries there is nothing but summer, viz. a summer which is 
entirely dry, and one during which it rains more or less. 
These rains continue there during half the year ; wher^s in 
^SyP*. «B in a northern winter, they are confined to a few 
numtbs. Of conrse they do not give rise to that winter-sleep 



of the organic cretiUen, especially of plants, whicti ctiwfteUfiiiM 
our QorttierQ winter, but rathef rwso the whole vegetable 
kingdom io the highest pitcli of ite vital development, and to 
tiie fullest expRBsion of beftnty. Tboe Egypt iB« io fMt, bstm! 
man atta-aetive than at ^e period when nature is wHh iw 
covel^ frith snow afid ice. This altematioti of the two ptiti" 
eipil seasons of the year, the summer and winter, represented 
by the dry period of the year and the rainy, is, however, in the 
order in which we have them in Europe, peculiar to Uie eeast 
r^on of Northern Afrioa ; Uid there begins in Egypt, sooth 
ef the 30th degree of latitude, that retnarhable zone whieU 
ejttends to the 18th degree, therefore over 12 degrses, tind 
which, owing to the rare atmospherical precipitations of water 
that occur within its limits^ I term the zone of little rain {dU 
reffett-arme zone). Within the timits of this xone is plaesd the 
Afriean region of deserts, whi<^, where the tropical rabiB 
begib (which rains, to the north of the Equator, fall doHiig oiif 
summer), viz. to the south of the 18th degree, again giVe£ 
place to the Savannah-region, to those districts so remarkable 
for their fertility on the banks of the great rivers." 

We not unfreqnently find it boldly asserted iti the aectnmt* 
giv«) by travellers of the climate of Lower Egypt, that it does 
net rain at Cairo. This statement is untrue, and is one tot 
which science has to fbank the presumptuous conclusions 
formed by the ignorant or die credulous. In Egypt and Nubia 
there is no district devoid of rain — at least for the naturd 
philosopher ; the peasants, it is true, not satisfied with a few 
drops, judge otherwise, and their ideas require much correct 
tion to bring them to the truth. There are, however, distriets 
where it rains very rarely, and, even among these, Cairo, with 
its vicinity, is not to be reckoned, for year after year storms 
take place there during our winter months, which rarely pass 
away without rain. Just as the years 1761 and 1702, in which 
Niebuhr made his observations at Cairo,'!' undoubtedly belong 

* See my E«saj on the Ueteorologj and ClimBte of the African Tropical 
Region in Dr Holger'B Zattchriftfler Phyiit vnd verwandte WuitMcha/'ten, 
vol. fi. part S. Vienna, 1840 ; and Conlribations to the Phygiognomj aikd 
Ooogniihj of the AMcan Tropical Be^an in Leonhard'a JaMuch, 1B4S. 

t KartUn ififbvhT'i Stitebttrkrfibtmg nacA AtvUen, Ik. KapenAafmfWt^ 
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to those which ftre remukable for tho qnalitity of fttm03pb«- 
ridal precipitations, and ought, therefore, to he inctnded among 
the exceptions ; so, on the other hand, there are years when 
Ihese precipitations are particularly rar«, and which, there- 
fore, are also to be regarded as exceptions. We cannot 
employ either extreme 8s a guide to enable na to dedace 
the mean yearly quantity of rain, and conclusions exclusively 
confined to the one or the other are hence incorrect. The 
yearly quantities of rain increase by gradations southwards 
from Cairo towards the tropic, although, however, in the vici- 
nity of the great river, that is,-itt the actual valley of the Nile; 
the rain is mors observed than in the deserts on the two sides 
of the stream. Northwards irom Cairo, on the other hand, 
the phenomena of the troe Httoral climate extend not only 
oter the Delta, bat likewise eastwards and westwards into the 
deserts, where Ehrenberg, Hemprich, and General Minntoli,. 
Buffered not a little from violent raios daring their journey to 
the oasts of Jupiter Ammon.* At an earlier period, this cli- 
mate, which now belongs to Lower Egypt as a littoral region, 
wonld seem ta have sti-etched more to the south ; for we find 
in Upper Egypt, as well in the valleys of the Arabian as of the 
Libyan motmtains, that is, of the mountains eastwards and 
westwards of the Nile, the most evident traces of viplent falls 
of rain, viz. many dried up beds of torrents, which, as appears 
from the bonlders transported by them, and from the consider^ 
able ravines which they have furrowed, must have been deep 
and powerfnl. 

Barometer. — The conclusion derived from horary observa- 
tions of the barometer is, that in Egypt, as in every place 
where I have been able to make observations in Africa and 
Asia, the pressure of the atmosphere attains twice a-day a 
m&xinmm and twice a-day a minimtnn. The maxima occur 
at 10 A.M. and 10 p.m., the minima between 4 and 6 >.m. and 
a little before sunrise, corresponding with the minimum of 
the daily temperature. Although the differences of the ex- 
tremes at night are sometimes very small, alvrays Haoch smaller 



* Joaraej to Uie Temple of Ja^tei Ammon in Uie Libyan desert, tqr 
Baron voa Blinutoli, Berlin, 1824 ; and Travel* in Egypt, Lil^a, Nnbia, And 
DeneirU, by Hempticl) aii4 EhtenlMTg. 1. vol, l.pncl. Berlin, 1BS8. 
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than tliose of the day, yet the case occurs hut rarely of Uieir 
being imperceptible to sharp observaUon and with first-rate 
instruments. 

Temperature. — The daily temperature of Lower Egypt pre- 
eents imly two extremes, one maximum and one minimum ; the 
form«- of^wliich occurs between 2 and 3 r.M., and the latter 
a short time before the rising of the sun. Egypt is among the 
hottest of those countries of the globe which lie without the 
tropics, bat this applies property only to Upper Egypt ; for 
Lower Egypt, as a littoral tract, is too much exposed to the 
cooling action of the sea-breeze not to have a diminished tern- 
perature. In Alexandria and on the Delta the temperature 
rarely attains 30° R. (99°.5 F.) ; but in Cairo, whieb is not 
exposed to the sea-breeze, and has deserts on both sides, the 
temperature is much higher, and often attains 30° R. and above 
it, in the complete shade of a perfectly opaque body. The 
mean temperature of Lower Egypt ia between 17° and 18° R. 
(70°.2— 72°.6 F.). As at nightfall the wind is generaHy from 
the north, the nights are perceptibly cool in comparison with 
the temperature of the day, and there arise differences between 
the temperature of the day and that of the night of from 10° 
to 12° R. (22°.5 to 27° F.), which, it is true, are inconsider- 
able when compared with the difTereuces of temperature of 
night and day in the equatwial re^ons of A&ica, but are very 
great in comparison to the same phenomena in Europe. During 
a prevalence of north winds, and the greatly diminished tem- 
perature which accompanies them, and after a deposition of 
dew, which appears more especially when the wind is north, 
it often happens, particularly on the extensive plains of the 
desert, that the thin covering of moistore which lies on the 
surface in the morning becomes frozen, and thus we have 
in a very simple way the phenomenon of the formation of 
ice in the deserts of Africa. If in such a case the temperature 
of the abuosphere be not so low as that a freezing of the dew 
should be directly pi-odnced by it, yet this takes place in con- 
seqnence of the diminution of temperature in the liquid layer 
and in the immediately adjoining air itself, and of the rapid 
evt^ratton which results from the sudden change of the strata 
of the air, caused by the prevailing north wind ; and thus we 
witness the formation of ice, not only in the deserts, of Egypt, 
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but even, though more rarely, in the deserts of the interior of 
Afiica. 

As the temperature is towered by the north wind on the 
one hand, so, on the other, it is raised by the soath wind, to 
which latter also, in respect of its direction, the CAamtm be< 
loQgB. Thi« elevation of temperature is not inconsidwahle. 
and amounts to several degrees of Seanmor, so that the ther- 
mometer rises at Cairo to considerably above 30° R. (dd°.5 
F.) ; hot it is not so great as some have asserted, at least in 
soutjiera latitudes, where I observed the Chamun wind long 
nnd carefully, and where the phenomenon is more powerfully 
displayed than in Egypt Sometimes the south winds ol 
Egypt lower the temperature just like the north winds, and 
.this takes place when early and very violent periodical rains 
occur in the tropical regions. 

In referenceto the observations on the temperature of the 
air in the shade and. in. the sun, which I made at Cairo and 
Alexandria in the month of April, I have drawn up tables* in 
which are also introduced the direction of the wind, the na- 
ture of the clouds, and the state of the weather. These tables 
do not give us the laws of the daily range of temperature, as 
they want observations at the time of the minimum, and afibrd 
t«io few terms for accurate calculation. Observations free from 
these defici^icies were made by me during a subsequent resi- 
dence in I^ypt, and will afterwards enable us to determine 
these laws. The tables, however, of which I now speak, shew 
us pretty nearly the maximum of the daily temperature, and 
its fall on both sides towards the period of minimum. 

The highest temperature observed in the shade at Cairo' in 
the month of AprU was 27°^ R. (93°.4 F.), and in the sun 
3V.6 R. (103.6 F.) ; the lowest in the shade 14M R. (about 
04° F.), and in the sun 19° R. (74°.7 F.) ; the difPerences ob- 
served, therefore, = IB"^ R. (about 29°.4 F.), and 12°.8 R. 
" (about 28° .9 F.) These differences, however, are not those of 
the extremes, as we want the observations on the minimum. 

In Alexandria the highest temperature observed in the 



* Page 211 of the first part of tl»o"A»'fttii." 
VOL, XXXIII. NO. tXV. — JVLY 1842, 
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rfude io the monA of April was 20° R. (77° F.). and in da« 
son 28°.2 R. (96''.4 F.) ; the lowest in the shade W^ B, 
(*l>out 64° F.). ud in the sud 33° K. (83°.7 F.) ; and therefore 
the 4^ertDces = 5°.7 R. (about 13° F.). and 5"^ R. (About 
11°.7 F.) ; tbererore much smaller than at Cairo, which aoci- 
.dentaUy hBimoaises with the law according to which these 
diGRerences increase as we approadi the equator, while the dif- 
ferences of the extremes of the pressure of the atmo^bere 
diminifih. 

If we take the mean of all the obserrati^ms in the shade, 
about three hours after the minimiun, we have, 

For Cairo, For Al«»iklri«, 

16°.7 R. (69°^ F.) 16°.9 R- (70° F.) ; 

and in the same way the mean of all tlte {d>servati0ns at 2 
V. 11 ., at the time of the maximtun, we have, 

Fof Cairo, For Alexandria, 

SS".! R. (about 84= F.) 18°.6 R (73'.6 F.) 

therefore the differences are 

For Cairo, For AlexuidrU, 

6°.4 B. (14''.4 F.) 1°,6 R (r.6 F.) 

Tlie mean of the means of the two series of observations 
made at the same hour for April are thus : 

For Cairo, For Alexandria, 

W.S R. (76°.7 F.) 17°.7 R. n=.8 F.) 

If weconsidertheobservations made on temperature in Lower 
Egypt during a whole year, we find that the montlis of July 
and August are those which present the highest elevation of 
the thermometer, and the month of February that which is 
characterised by the lowest temperature. This is an arrange- 
ment of temperature which reminds us completely of Europe. 
Niebuhr observed the lowest temperature in Cairo in Feb- 
ruary in the morning, and it was 42° P. ; and the highest in 
June and Jnly, when it was 101° F. ; the first having been 
during a south vrind, and the second daring a north wind. 
The difference of these extremes is 59° F., being the range of 
temperature in a period of eight or ten months ; the mean of 
these extremes b Tl^.S F., which approaches nearly the mean 
temptirature sashed to Lower Egypt. 
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From Niebolir's whole obMrvatlons we 6it3 that the tritk- 
meticai mean fit the yearly averages of the two extremes s 
17°^ B. (akiMt 73° P.). wUdi ewmpoa^ oeariy with the 
arithmetical mean of the whole obeervatioiu, tik., 17°^ R> 
(70°.7 F.) W« have, then, these two nnmbws, but especially 
tlie &st, tIs., 72° F., which may be regarded as the mean tem- 
pemture of Oiro. 

Wiiuia. — In Lower Bgypt, during the whole year, the wind 
blows ft>om the N. N.£. ai^ NW^ with a little inteinqttion of 
E. and W. winds ; sad it ig only in the months of April and 
May that south winds oooor. In the tropical regions, agaii^ 
in 16° ltd., the north winds I»low nearly six months, Tiz-t dar- 
ing a portion of Normnber, and in December, January, Feb- 
rany, and Afarch ; whereas, firing the rest of the year, sonth 
winds blow almost unintMTuptedly, which advance towards the 
north from the etiuator akmg with the sonthem tropical rains. 
CKonuM and Bimum mndt. — The Chomtin* occurs during 
the period <tf the south winds, that is, in the months of Aj^il 
and May. This wind has its name from ChamsiD, which means 
fifty, from the Arabians asserting that it blows repeatedly, ez*- 
elnsiTely during a period of fifty days. It is frequently con- 
founded with the Samum, from which, however, it is essential!^ 
distinct. The Chamsin is a penodical, yearly recurring wind, 
which always comes from the sonth and south-east, more rarely 
from the Bonth'West ; and its cause and its whole phenomena 
appear to be of electrical origin. The Samum, on the other hand, 
ia an ordinary storm from the desert, which has no fixed period 
of occurrence, and has no particular direction, but comes from 
entirely opposite qd&rters. It is rendered ftoinidable by its 
heat, by its violence as a storm, and by the quantity of sand 
and dnst it brings along with it. The danger which is 
combined with the Chamsln is quite of a different descrip* 
tion from that of a hot storm carrying sand with it ; frequently 
it is not at all a storm. Its alarming feature is an action pe- 
culiar to itself, which operates in a po^tively hurtful way on the 
body, and which probably depends on an extraordiaary accuntu- 



• The Ob I« pronounced aluapl; like Ui* X in ^jHttisli, in the wctds H«aiGO« 
Qnnote, Jtc. 
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letion of electricity id the air. If the Samum*- be violent, it is, 
aa a nind of the deserts, really perilous for caravans, because, 
passing oyer the burning sand, it becomes intensely heated, 
to such a degree as to be almost unbearable, and also from 
the masses of sand and dost which it transports along wKh 
it, and heaps up into hills. Animals are rendered wild, and 
throw off their burdens ; while men lose their presence <^ 
mind, and, just as happens in violent snow-storms on high 
mountains, becoming exhausted, sink under the .contest with 
the heat, the sand, and the storm. The chamsin is.rarely a 
storm of long duration, and its most violent period is soon 
over ; but the atmosphere remains for a long time extremely 
hot, so that in the shade the temperature reaches iff Br. 
(122° F.), thongh I myself have never seen it above 38° Br. 
(117°. 5 P.) ; the air is filled with extremely fine sand and 
dust, which penetrate everywhere, and against which no 
covering, no window, affords protection; breathing is ren- 
dered difficult ; the blood flows to the head, and individnals 
of a foil habit of body, or whose nervous system is affected 
and weakened, are in danger of dying from apoplexy. Such 
eases, however, are not of frequent occurrence, and are rarer 
than la generally asserted. Chamsins generally follow op- 
pressive heats, and the air is always unusually dry. 

Far towards the horizon, and chiefly in the south-east, 
there appear thick black clouds, to which fire-red clouds suc- 
ceed, and form a mass with the first, exactly iike the burning 
clouds rising from the conflagration of a large town. A 
dingy reddish-yellow light spreads itself widely, an oppressive 
heat is experienced, a calm prevails, a painful silence per- 
vades the whole of nature, and men as well as animals seek 
shelter. A dull hollow sound is heard, the clouds rolling on- 
wards arrive, and in a moment the storm takes place ; every- 
thing is enveloped in a sea of sand and dust, against which 
shelter scarcely affords protection. In Egj'pt, these chamans 
generally terminate without a fall of rain, but this is not the 

* Samnm ia perh^s a Tiukieh corruption of the Arabian void Semon, 
poiMin, hj vhich word tbe ArabianB also ofiten designate the action of the 
CbUDiin, whence probacy the frequent Mnfonnding of the two words, 
Bomnm and Chanuin. 

D,g,l,..cbyGOOg[C 



Ruseeg^er's Bemarks en the Ctimate of Eggpt, 101 
case iQ more sontbem latitudes ; and there alt the pheooinettti 
of this kind of wind are more distinctly and characteriEtically 
exhibited. I had frequent opportunttieB of observing the 
whole course of the chamsins in the deserts of Southern 
Nabia, and in the immeasurable grassy plains of Kordofwi 
and the- White River; but upon this subject I shall ^eak 
more in detail in a subseqaent part of my travels. I now 
merely repeat, that the Gbamsin has nothing at all in common 
with the ordinary winds which owe their origin to the dis- 
turbance' of the equilibrium of the strata of the air, caused by 
purely mechanical means ; but that it is entirely an electrical 
wind, as well in its origin as in its whole course* 

Inundationg of the Nile, and Vegetation. — 1 have already 
remarked, that the climate of Lower Egypt belongs to the 
type of Southern Europe, only with those modifications which 
are peculiar to warmer zones. We have, as there, on the 
coasts, the violent winter storms irom the north, and especially 
iram the north-west ; storms at the periods of the Equinox; 
rain in the months of November, December, and January ; 
frequently at Alexandria, more rarely at Cairo, and almost 
exclusively after thunder-storms. With this exception, the 
sky is nearly always clear and bright, the air during tiie day 
dry, and at night moist ; so that during the summer months 
there is much dew every morning. Except during the win- 
ter months, it rains rarely in Alexandria, and for the most 
part not at all at Cairo. The rising of the Nile is merely a 
consequence of the tropical rainy period, and that not merely 
in BO far as regards Abyssinia, bat also in so far as relates to 
all the countries which send their waters to the river district 
of the Nile, and its two great branches, the Bine and the 
White Rivers. Neither the melting of the snow, nor the fall- 
ing of it on the high mountains of Abyssinia, comes here into 
consideration, for the snow is of no consequence whatever, 
and its operation on the height of the Nile one of those 
illusions called forth by absurd hypotheses, which one person 
after another repeats, sometimes during whole centuries, with 



* See my Memoir on the Climate of the Tropical Begiona of Africa, al- 
ready quoted. 
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•U tite aectHDpaminents of pedantxy. Whoever has wita«aiad 
one (H* semvl rainy poriocU of the interior of the tropical re- 
gioiiB of Africa, can very well underfitand their iiffluence on 
^e rising of the river. la Lower Egypt, the rise of the Nile 
ia first ohserved in Ae monUt of June, and in the month of 
September the river reaches its highest level. At that time 
ite Iffoad bed is entirely full, and the neighboorhig banks are 
here and there eovwed with water. The country, however, has 
by no meam the aspect of a large lake, for the water is every- 
where restrained by dykea, and extends only in canals, so tbatthe 
cwnTnunication for foot paasengers and horsemen between vil- 
lages and towns is rarely out off. At the end <^ September, the 
river begins to fall, and in October and Novembw the Qultiv%- 
UoQ ia commenced t^ the portions of groond whkh had beMi 
irrigated by water admitted from the canals. The fruitful- 
nesa of the soil, caoaed by this floodii^ and artifidal wrigatMHi, 
is not only comparable to that of the most iwtnnate countries 
of the g^obe, but even surpasses the greater number of ibam- 
It is, however, confined to that portion which the river itself 
baa created, and over which it yearly distributes the bleasings 
of its floods ; all the rest of the country is a desert. In the 
m<mthB of October and November, i^en the water of the Nile 
has retired and deposited its mud, the first sowing of grain 
takes place, and the crops are readied so early as Fobmary and 
March. In April grain anspa are sown for the second time, 
and the harvest arrives before the succeeding rise of the river. 
-Is the intervening period the harvest oocora of the Decembtf* 
and January grains of other fields. After the inmidation the 
sowing of cotton takes place. After three years, althoagh the 
pkmt lives and is productive for a longer period, the cotttm 
seed is renewed, and it is always Uie practice to have perfectly 
fresh and strong plants. The irrigation of the cotton is en- 
tirely artificial, for the plants must not be exposed to the in- 
undation. This irrigation takes place in wintw at intervals 
of from 12 to 14 days, and in smnmer at intervals <tf 8 days. 
The plant is productive the first year, and the harvest occors 
in the month of July, from which time till winter it is con- 
tinued- The prodooe of a healthy plant amounts to two 
pounds yearly. At the time of the first sowing of grain in 
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lEgypt'the frvits «f Tarloas frees are ripe. Ib Juinuy are 
■sown beans, lapines, and flax, wkicfa are gathered in the firat 
part of summer. In February the rioe is sown, whose harveit 
h^peaa in September, ia which month abo the ormnga, lamon, 
and olive'trees peld their fruit. In January the angar cane is 
eot in £^ypt. In May, gr^MS, figs, and Carob-beans ripen. 
■CloTer is eat three times in the year. Thus, in thia riidi 
country, there is no month in which nature does not pradooa 
flowers and fruits. Wliat eonld not such a countiy become ia 
the hands of a wise government, one which would truly and 
judiciously promote the industry and welfare of the people ! 
What prosperity might be developed, and at present what 
misery prevails! The climate of Lower Egypt is to be r*? 
garded as of the hi^iest description, for it favours to the ut- 
most the cultivation of all the vegetable productions of Soutti- 
em Europe, while it admits of tiie growth of most of those 
belonging to the warm tropical regions. I think that the fol- 
lowing tabular view of the seed-time and harvest oocurring is 
each month may not be uninteresting as regards the cultiva- 
tion of Lower Egypt. The data are derived partly from my 
own observatims and ptutly ftwn those of other travellers.* 



Mbatli. 


So-tog. 


HirvHt. 


I-.W7, 


LU^DM, Bmqi, Flu. 


j fcww««O^JPP« BCPt iM Jbw), 




Slot, IbUe, MUl<t. 




Ukrcfa, . 


C3otton. 


J Onlni, MdM, UiUtI of pnvlowM 
( tumn. 
BoMi, aawa. 


April, . 


OmIm, OotlM. 


MW. . 




I mnt«r Onini, Gnf*§, Tia, Cwob 
t bMn, BaffRHi, JMm as ewlT (hilt 


rue, . 






r«iy. . 


fHM,ti^ofRice.MiJie, 




AnSQ-t, . 




Clowr. 






1 Oliw.. 


October, 


Gnlni, Ablie, Uilht. 




NoYember, 


Graini, Tegelables. 


D«tei, MwiB, Millet (of Febn»ry> 


December, 




IlimAm Oruwt, blouoH-parlod of 
1 auly domn. 



' '*' nok«ach, EiinnerQDgen aus Egjrpten. ChampolIion-!P[geac, Beschrei- 
biu^TOB B^ypUn, Statlgut, lUl. Niebnhr,Keia«b«KhTeibiiDgi»ch Ain- 
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Altfaoug^i the soil of Egypt, wfaicli is entirely mud of the 
Nile, is thus prodactive, so long ss it ie oultivEited and wa- 
tered, it is singular how speedily it is converted into desert, 
whenever it is neglected by man. Salts are formed, and 
especially saltpetre ; the rich soil becomes rapidly parched, 
and ftlls into dust, which becomes the sport of the winds ; and 
no vegetation takes root on the very spots which by the small- 
est care would become renmrkable for their fniitfulness. (From 
the Ist Part of Russegger's Seiten m Europa, Agien, and 
Africa. . 1841.) 



Suatf onth» Glaeten and tha EnrUio Formation o/tAe Bona of 
ike Bhone. By Jean de Charpentier.* 

In science, as at table, " tarde venientibus oeaa :" it is of 
consequence to a scientific man that he should not idlow him- 
self to be anticipated in the publication f£ his researches or 
discoveries. The book we now announce is the fruit of many 
years' labour, travel, and observation on ^ciers and erratic 
deposits ; it is only the development of ideas which the author 
bad summarily jvomulgated in a memoir in 1834 ; it is full of 
interesting and curions facts ; bat it comes in the tnun of many 
worics of the same load, wMeb have appeared in 1840, and, 
althongh. the aotiHirs oS these -wftkA have all scrupulously ac- 
koowleged M. de Charpentier's merits in the matter, it must 
be deficient more or less in the attractions of nov^ty. . In the 
February number of the ^UiotAique UniverieUe tU GeiUve for 
1841, an account has been given of the works of MM. Godef- 
fr<u, Agassiz, and Rendu, on the glaciers of Switzerland and 
Saroy, and the general facts resulting from the phenomena 
presented by glaciers are noticed in sufficient detail.' We 
may confine ourselves therefore, in this part of the subject, to 
a brief notice of the principal points in the history of glaciers, 
regarding which, M. Charpentier's opinion differs from that of 
other geologists. The theories on the origin and development 



* Essai snr les Glaciers el bdt Ie teiTun enaUqne da buein da Rhme, 
pW J. de Charpentier. IiaoBoime, lUl,lTol.in8vo, 
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of glaciers are still matter of coDtrOT«ra^, and the great infin- 
ence which it is now thought may be ascribed to them in all 
that relates to the dispersion and transportation of erratic 
blocte, gives a new interest to the ezaminatioD of all the fkcts 
Mttinected with them. 

According to M. de Chai^ntier, it nerer snows in flakes on 
hi^ monntains, on aceoant of the dryness of the air ; but the 
vapours condense in such situations in transparent roanded 
grains, similar to those we call hoar-frost. It is this which 
constitutes the upper n4f6 of the Alps, and which is trans* 
formed into glacier at its lower portion. The snows of the 
equatorial Cordilleras are all n^T^ and their coherence is 
60 sli^t, that they resemble a mass of adiee, which the wind 
carries off in whiris. - 

In order to account for the conversion of the n^v^ into gla^ 
dal ice, M. de Charpentier maintuns the same theory admitted 
by Agassiz, that is, the absorption and congelation of the rain- 
water, or that which proceeds from the melting of the n4v6, 
uniting and cementing the grains. This absorption of water 
takes place unequally acc<»ding to the height, inclination, the 
vitani^ of crevices, &o. - Itisduringtheday, in summer, that 
the inbSiitioa of water takes place, and it is during the night 
that such water becomes congealed. The expansion of the 
ice formed, and the nneqttal distribution of the water in the 
glacier, cause a tension which ruptures and s^tUts the whole 
mass of the glacier, and these capillary fissures extend in every 
direction. M, Agassiz ascribes the fissures to the compression 
of the babbles of air enclosed in the ice, but M. de Charpen- 
tier's explanation appears the most probable. - These innume' 
rable fissures render the glacier porous and permeable to the 
VTEUev which the heat of the following day will produce, and 
this alternate freezing and melting continue throughout the 
summer. Thus we hear in glaciers during the night the 
cracking noises produced by the rupture of the ice, sounds 
sometimes so loud that tbey might be taken for the reports of 
a cannon. 

M. de Charpentier does not admit that the ice of glaciers 
is straUfied, as M. Agassiz seems to believe ; he thinks that 
stratification cannot appear but in-the elevated n^ves, where 
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glftoiera properly so colled. 

With regard to tlie deBcendiog progress of gbeiers, M. d« 
.Cfaarpentier ascribes it to the effect of the dllatatioiL of the 
water coogealed, during the nighte of Bommer, in the ioteiiw 
af the g'lacier, and which tends to push the mass in the di- 
rection which preseotB least resistance, that is to say, in the 
direction of its length; Thia effect, which is of sach a na> 
tore as to be continually renewed, would catne an unlinited 
JQwesse in the glacier, If, after its arrival in the lowest val- 
leys, the. g^lacier were not exposed to a hi^er tnapwatore, 
.which destroys it by fusion. According as the e^cpansitm and 
the lusioD counterbalance each other, or the ace giins On in- 
fluence over tlie other, the glacier remains stationary, ad* 
vances or diminishes. M. do Charpeutier endeavours to 
establi^ this as the true theory of the movement of glaciws. 
on the groondar l»t, That the motum never takes plaoe except 
in summw, the season of the .alternate melting and eongela- 
tion of the water in Ae day and night, and that the gfeoieri 
are stationary during mnter ; 2d, That the glaciers always 
advance, when a oold and rainy summer snoeeeds a winter in 
wfaioh there has been much snow, as was the oase from 1813 
to 1818, and that they diminish when tiie summers are dry 
and warm, and the snow not in great abundance, as from 
1831 to 1826 ; Sd and lasUy, That the small inolbation of 
many glaciers, and their stationary cmdition daring vinter, 
prevents ns ascribing their motion to the pressure of the mow 
in their upper portion, as Sanssure supposed. 
. This expanucm of the ice produces an enormous pressure 
on the rooks which form the_bed of the glacier. The fric- 
tion resulting from the movement of the mass, aided by tfa« 
sand or gravel oceurring between it and the rock, hollows, 
ruts, or polishes the latter, according as (he minerals consti- 
tuting the rook are of a mors or less hard or t:«8isting na- 
ture. The fine stri« formed in this case always follow th» 
direction of the glacier's progress, — a direction which is de- 
termined by the configuration of tiie ^und. 

From a d«8lr« to avoid all useless re^tition, ws do not 
again refer to tlw definitions and Uie mode of formation Af 
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jmotvam. H. de ChupsBticr has atadied tfak part of tlw 
•ubj«ct with much care ; be has distmguiabed Uie fonas 
-which them aocnmulationa of blocks awnme, Moording as 
the glacier adranece, remains etationar;, w diminiahw ; to- 
cordiBg as the; are ftmned against an «aoarpm«ot, or on the 
-height of a preoipice, &c. He invariably distinguiBbet be- 
itween a Mien maes of rooks and a moraine, by the f<mD«: 
containing only <me kind of blocks, whUe morwnes are com- 
-po»ed of an^folar and rounded blocks, and sooh as are nibbed 
by the movement of the ice, including at the same time 
varioiM species or varieties of the rooks entering into the oon- 
atruotion of the monntains which overhang the glacier. 

The phenomena belongii^ to n^»eificial moraines, to tfaair 
-padestal of ice (which they fram by preventing the fusion of 
-&at part of the Racier which they cover), to the dislocation 
-and aeatteiing they undergo when the glacier which bears 
them etdai^estx' melts, are all treated in detail in M. de Char- 
pentier'E work. He likewise particularly notices a peoaliar 
modification of morainea which he calls aSwriiim gloeiattv. 
This is when the debris of rocki carried by glaciers, inet«ad 
<tf falling or h«ng heq>ed up on a dry depoait, &U into raser- 
voirs of water. They then form irregularly atr^ified dapo- 
Mts, which are distinguiihed from ordisary alluvimns by the 
«ie and ihe^te of the blocks, and by the inuit (d that polish 
which eharaot«riaes the pebbles of tranq>orted rocks. He 
m^tsOTia a great many instances uf this in existing glaciers, 
and many others at the mouth of the valleys opening into the 
great valley of the Rhone, and in localities where the glacier 
whidi formed the bounding wall of the reservoir of water has 
hmg since diaaj^ieared. He demxninates such depositions as 
these, the d^uvium glaeimrt. 

M. d« Charpentier does not admit the explanation given 
-bj M. Agasnz of the return to the surface of the glacier of 
the blocks which have fallen into its interior. He conceives 
that this result, which is otherwise well established, is solely 
owing to the gradual melting of all the ice which covers 
them ; but be cannot believe that there is a real rejection of 
a for«gn body by the ice, by reason of the pressure exercised 
by the eongealed water around its tides, as the diittnguished 
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naturali§t of Neufcbatel aeetns to mppOBe. If the pheoomfK 
non is not observable in tlie elevated n^ves, this is solely, in 
M. de Charpentier's opinion, because the nieltbg q£ the an- 
rami snows is not completely effected in such places. 

With regard to the crevices so common in glaciers, M. de 
Charpentier ascribes their origin either to the imequid ex- 
pansion of the ioe, when the congelation of water takes place 
in the interior of the glacier, or to the dislocations prodaced 
by the inclination of the bed of the glacier, or to the inequa- 
lities of that same bed, &o. When these rents aroformed, — 
and that is usually accompanied with a load noise, — ^their width 
rarely extends to 5 lines, and never exceeds these dimensions ; 
but if they commooicate with the lower face of the gUcier, 
dither directly or by the iaterventbn ' c^ other rents, they 
speedily enlarge by the melting of the ice on their sides, oc- 
casioned by the access, of the air or rain-water, until they 
sometimes acquire a width of 10 feet. When the crevice 
does not extend to the botttnn of the glacier, it becomes filled 
witii water at its termmaticui, and that freezes in winter. If 
this ice does not continue compact tike that of rivers, it is 
■because it is soon subjected to the influence of the expan- 
sion of tlie ice formed in the night during summer, when it 
becomes rent and granular like tliat of a glacier. These 
crevices distribute the water produced by rain or melting 
throughout the whole extent of the glacier, and bring' it in 
contact with the capillary fissures, which absorb it in greatw 
or less quantities ; the rest follows the bed of the glacier, 
and issues from it iii the form of a torrent. These waters 
are always mingled with a very fine mud, which appeais^to 
be the produce of the rocks ground by the friction of the 
glacier. Accordingly, the waters greatly diminish oh the ar- 
rival of winter, and are then perfectly dear. It is probable 
that, if the torrents' whidi flow fnun glaciers are not com- 
pletely dried up during winter, it is owing to the existence 
of springs under the glacier, which issne there from the 
interior of the earth, and not because the glacier melts, even 
in winter, on its lower surface. In fact, the observation 
made on the glacier of G^roz by M. Venets, and some other 
facts cited by M. de Charpentiw, tend to induce the belief 
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tli«t' the underside of ^aciers, on the coBtrary, is ahntyi 
ftOBBO, even during the heats of fiammer. 

After some brief observations on the ice of northern re- 
gions, which he divides into floating and twreBtrifd ice, tlM 
former proceeding from tme glaciers produced by the conge- 
lation of the n^v^i and the others from ordinary congealed 
water, M. de Cbarpentiw arrives at the second part of bis 
woric, idiioh treats of the erratic fbrmatioH. 

AMiongh it may perhaps be difficult to give a good defini- 
tion of this formation, without confounding it with the dilu- 
Tial or alluvial soils, it is so well known to geolo^ts under 
the name of erretic bloelis, that there is no need of charac- 
terising it by s description. The size of the blocke, which 
in no degree diminish in proportion as we recede fi*ora ^e 
plaees where they originate, as takes place in regard- to the 
diluvial formation, the rough surface and shai'p angles of 
many of these blocks, the dmost invariable want of s^ectitm 
according to size and stratification, the great height to wfaich 
these accumnlations rise, — such are the prominent features of 
the erratic f(N*mation. The rocks of which these blocks ate 
composed in Western Switeerland, are almost all found i» situ 
in the valley of the Rhone and its lateral valleys. The hard- 
est rocks fomidi the iai^est blo<^ ; M. de Chupentier men- 
tions many blocks of granite from 40,000 to 100,000 cubic 
foet, and, as an exception to the general rule, a block of lime- 
stone, the lai^est known, situate near Bex, which contains 
161,000 cubic foet. These blocks must have travelled a great 
distance, some of them 25 and even 00 leagues, from the place 
of their origin. 

According to M. de Oharpentier, the deposits of erratic 
blocks appear under three different forms ; sometimes aeat- 
tered, in blocks di^ersed here and there, or in insulated 
blocks, and more or less covered with earth or diluvium. 
This is the most common form. Sometimes they are aecu- 
mulaied, or collected in mounds or small hills, presenting the 
same modifications and the same structure as moraines. 
Finally, at other times they are alratified in short thick beds, 
and readily distinguished irom the diluvial formation by the 
great number of angular blocks they contmn. 

One curious fact is the assemblage of blocks of the same 
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ap«oie8 of roeki. M. de Caurpeatict mentiWs, 4moag bdlMto 
a bukd of large blodniwar MMitbey, in the Valais,fi>w 800 
to 800 feet bread. Mid |hra»*<oiitat ot a league k»g, whujh is 
wholly compoMd of gtaatte with laige ]p>aine of fel^ar, dis- 
lived fhm the momttMiw botunding the valle; of PenwC; 
eleren leagues distant Some of them coHMiB M,000 cubie 
feet, aad tfaey are wdl preBcrred. 

We shall noti^min nJEwtethesiiigdar fenas aad enrioodj' 
balanced poaitioaa ofasCTTcd in Many Uedka. Withregardto 
th«r naliire, M. de Charpsatier renuifa tiat, if Uoeks of 
gomw and granite ae^ less oommon io oar days in Ae pUuna 
than <m the moantains of Jnra, it i> pertly owing to the fitet 
that* in the former, a great nomber ha;ve been destroyed in 
wder to facilitate coltiTatiMi, or to be employed in boilding; 
while thoee, such as conglomerates, which were too hard to be 
destroyed, have been allowed to fMnain. In gmieral, the 
number of blodu is in the inrerae ratio o( the progr can of 
industry ; and, independently el it b«ng probable that the 
acduauladcm was really greater on the sides of the Jnra than 
ia the plain, it is evident that, in the farmer po»tioB, they 
have been more secure from the hand of man. 

On the sides of Alpine ntonntains, the wratie depcait rises 
to 3200 and 2500 feet above the bottom of the valleys. On 
the Jam it forms a carve, the npper part of which is on the 
Chasseron, in fnmt of the great valley of the Rhone, at m 
heifj^ of 3100 feet above the plain, or 4250 feet above the 
sea ; the extrmnities of the cm^e reach the idain, one on ■At 
ade of Stdenre, the other near Gez. This fwmatitm is dis- 
tributed in an irregular manner throughoat all the valleys of 
the basin of the Rhone, also on the sides of the moonttins, 
and over all the phua. from Solenre as fiu' as Mont de Sion, 
at the western extrani^ of Switzerland. 

M. de Charpentier then passes to review the varions hypo- 
theses which have been brought forward by diff««ot geolo- 
gists, fcH* the puipose of explaining the mode of transporta- 
tion of erratic debrta. Some (Dolomien and Ebel) have sap* 
posed that the Alps at first preseated a nntfnm and inclined 
plain, on which Uie blocks have rolled w elided as far the Jam. 
To this M. de Charpentier r^lie^ that aeeerSng to the dis* 
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ttbte ftBd hai^t from vhich these blocks baTe oome, tlw int 
dined plain could only have had a slope of 1° 8" 60*. What, 
moroover, oan have beoome of tiie removed ftnnationa, and 
what agents can have transported them to anothnr place t 

Others have fancied a kind of raits formed by tiie ice of 
g^aciera, and transporting the blocks on the waters of a sea, 
whose level reached the highest elevation that they have at- 
tained- M. de Charpentier replies that, accwding to the iacts 
observed, the shores of this pretended sea, far from having a 
horixiHital surface, must have sometimes had an inclination 
from the Upper Vahus to Vevey, sometimes a oorve with a 
doable descent, from Chasseroo on the Jura, to Solenre and 
3ex. Some geologists have tbonght that the blocks, enclosed 
in the masses of ice proceeding from glaoiwa, have been car- 
ried forward by currents of great velocity, or else, having 
&llen on the ice which covered tiie great lakes, which are 
supposed to have exuted in suocessive stipes in the valleys of 
the Alps, they had been transported by the masses of ioe re^ 
suiting from the breaking up of this ice on the rettnn of beat. 
De Luc imi^ned that an eruption of gas had projected the 
erratic blocks, but this hypothesis, solittie in accordance with 
\diat has been since observed in tiie eircumstancee attending 
these blocks, can no longer be adopted by any one. 

Many geologista have ascribed the transportation of the 
erratic matters to ourrents of water. Some, like Saussure and 
and De Bucb, coneeive that these cmrentshave been owing to 
■a sadden movement, or a rs^d retreat of the ocean ; others; 
like Eschec de la Linth, to. an instantaneous bursting forth of 
-the vast lakes, which may have existed in the interior valleys 
of the Alps ; and lastiy, others, such as M. Elie de Beaumont, 
,to the sodden melting of the ancient glataers, a melting pro- 
duced, at the period of tiie rising of the princii»l chain of the 
Alps, by the actioa of the gases, to which he attributes the 
origin of the ddomites and gypsum. The latter remarks that 
the Alps, having been formed by many different act* of eleva- 
tion, must have had snow and ^aciers accumulated upon them 
at the time of the last catastrophe whidi gave them their pre- 
sent relief, while ^e Pyrenees, raised by a gii^e movement, 
do not, according to hua, present us witii any erratic forma- 
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tion. Od this p(uiit, M. de Charpentier, wlra lia^ carefully 
examined the Pyrenees, affirms that erratic blocks are fonnd 
there, in a great number of places, and in the same circum<- 
stances as amoi^ the Alps ; and he assures us, that if he has 
not given a special description . of them in his Essay on the 
GeognotliecU Constitution <^ the Pyrenees, the fact only proves the 
ignwance in which be then was respecting the cause of the 
trimsportation of these dehris. Independently of the olsrjee- 
tioDB which M, de Charpentier advances against each of the 
. canses alleged as producing these supposed great currei^s, he 
thinks that the latter, whatsoever may have been their origin, 
.cannot explain the diversion of erratic blocks. He refutes 
by &cta the support which this hypothesis was thoo^t to re- 
ceive from the effects of the debacle of fi^nes. The want 
of selection, according to the size of the bloc^ so remarkable 
in the erratic formation, where tbe largest are often carried 
furthest, — the absence of all traces iA the shocks which debris 
BO considerable, projected with a velocity estimated at itoja 
175 to 354 feet in a second, should have produced on the side 
of the Jura facing the valley of the Rhone, — the impossibility 
of Biqtpasing water so charged with debris and mud, as to 
support the blocks at the sur&ce, since these materials are no 
longer found, of to understand how they should not have fal- 
len after issuing lixtm the enclosure of the valleys ; the state of 
preservation of a great number of them ; the fona and situa- 
tion of the accumulated deposits ; the groups of the same species 
of roc^ ; the fantastically balanced position of many blocks ; — 
all these circumstances furnish M. de Charpentier with suffi- 
cient argoments, in his opinion, to rendo* the idea of the trans- 
portation of erratic blocks by currents of water inadoussible. 
He at last comes to the hypothesis brought forward by M. 
Schin^r in a tierman ode (die Eiszeit), and developed by 
M. Agassiz, of an inclined plane of ice on which the erratic 
debris have moved along from the Alps to the Jura. This 
suppotition was explained in detail in the Bibliotheque Univ. 
de Geneve (Feb. 1841), to which we have already alluded. 
M. de Charpentier cannot admit it. He observes that the 
author has not signalized any of the causes which could have 
produced the excessive sinking of temperature, which he sup- 
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pones to have taken place before tlio Anal elevation of the 
Alps, any mere than those which hare indaced a milder dunate. 
He is (^ optnioD, that if it be necessary to admit a cooling, 
which he is ready to do, although to a macb less degree than 
M. AgasGtz, this co(dtng must have taken place after tho ca- 
tastrophe ^vhich gave the Alps their present form, and that 
it has even been the consequence of it. He cannot compre- 
hend how a single winter could have been sufficient to aecu- 
malat« ice to the height of 3100 feet above the plain ; and 
consequently the excessive cold necessary to freese the lakes, 
such as that of Geneva, which does notfreezeat — 2&°C., (-13T.) 
must have continued without mitigation for many years. But 
then this cdd must have dried up all the runnuig water, rain 
would naturally cease, and even snow, which is very rare in 
very intense colds. But even if we were to admit a ^iek bed 
of snow, it would liave been too soft and rough to allow the 
blocks to slide on it to any considerable distance. 

Again, when M. Agassiz supposes that, at the moment of 
the elevation of the high Alps, the sheet of ice, pierced 
and raised upwards, became a bed for the blocks, M. de 
Charpentier remarks that, by calculating the mean height of 
the Alps at 11,000 feet, the greatest elevation of the blocks at 
4260 feet above the sea, and the mean distance of the highest 
parts of the Alps from the Jura at 35 leagues, we find that 
the supposed surface of ice would only have an inclination of 
1° 8' 50*. Now this slope is too small to admit of blocks with 
a rough surface and sharp angles sliding upon it such a dis- 
tance. In fact, according to M. de Cbarp«itier, we never see 
blocks sliding downwards even on the steepest glaciers, even 
although the surface is free from snow and hardened by the 
cold, as sometimes happens in the end of autumn. M. de 
Charpentier then asks why the limits of the erratic deposit 
descri)>e on the sides of the Jura a curve and not a horizontal 
line, such as one "Would expect from a frozen lake ? Why 
the greatest accnmulation of these blocks is found at the 
hi^est part of thb curve or in its vicinity, the very place 
where the inclination must have been least 1 And, lastly, why 
this accnmulation is prerisely in front of the great valley of the 
Khone, which did not exist before tiie elevation (rf the Alps* 
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snd oonld hare no infloence on the form of the afaaet of tea I* 
M. d« ChMpontier is likewiM nnttble to nadsrstand haw w« 
are to explMo the maHu of friction ui the rocks by a more- 
ment of the sheet of ice BBalogDiu to that ohserred in glacien.- 
Iq tmtb ttus movement in the latter is owing to the oongela- 
turn of absorbed nater ; bet the congelation of lake or rain-: 
water can odI; produce ordinary ice, wbidi is neither cs^Ue 
of absorbing water, nw of moring, nor of pt^ishing rocks.' 
The ice of the lakes of the Pyrenees whidt never thaw, and that 
of the froaen marshes in the north of Siberia and America, bare 
never aBsamed the form of glaciers, which appear to eristonly 
by the n^T6 being gradually converted into ice. 
' It \b from tbe whole of these considerations taken together, 
althongh we- can present them only in an abridged form, that ' 
M. de C3iarpeotier conceives himself warranted to condnde, ' 
Aat tiie hypothesis of an extended sheet of ice, is inadeqoate 
to explain, in a satisfactory manner, tlie transportation of the 
erratic aabttances of tbe Alps. 

After having thus passed in review all tbe tfaeoretica) sup- 
positions hitherto made on the mode of the dispersion of er- 
ratic blocks, the author comes to that which appears to him 
the most probable, and to which bis observations have contri* 
bated to give great wei^t. It is tliat which ascrilies Uie fact 
of this dispersion to tiie action of j^a^ers, which, if it were 
ODce universally adopted, woold enable us to define the erratic 
deposit as a delritical formation depo§iUd by glaeitrt, while the 
dilorial would be a delritieal formation depont«d by water. 

A ratiier cnrions remark of M. de Cfaarpentier's is, that lie 
is not tbe anthor (A this hypothesis, nor even M. Venetf, who 
waa tbe first, bowev^, tint supported tbe ro^estion by direct 
obserTations. Iti4)peRrs'tbatbdbretbistime,inl815,Playfair, ■ 
in the notes published on his journey among the Alps, regarded 
the glaciers as the only agent capable of tran^wrting enor- 
mona blocks to great distnnccs without destroying the sharp* 
ness of tbeu- angles, and that he was not afraid of the extent 
whtd, in thai case, it waa necessary to ascribe to glaeiets. 
The oel^irated Goethe also, in tbe last edititm of his Wil' - 
hetiM MetMler, pnblialicd m 1U29, advanced the same opt- 
tu^ La-<itly, M. de Charpentter mentioas the nngular &et. 
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Alt* Mief in tb* trut^wtttioD of imtic blocks by ^wwik 
grtft%jHip«ior VI site imd extent to thoH now exUtinft » 
shsnd by imw); of (Iw Ninpl* moiwtMn««rs of di« Alp«, who. 
whetlwr fram vague tr^ditiw, or, wbat U nuqw probabLe, tbe 
htd»t of obsemtioD which ia peculiar to tbAm, hava anticipat«d: 
gfn\ogvtU by admitting tliis theory as a. fact. It likemse ap^ 
pean tiiat M. Essiark of Cbristiaoia bad adiaiU«d,* in 1937, 
tbat the blocks of granite disperaed in mch great nnmbara 
throngb Norway, had been conveyed by ancient glacisn. 

Bnt, coo&uog for the present the application of the theory 
to the Alps, it most be admitted that, aftw the Jaat elevation of 
thii chaiaof moontauu, th«warm climate (about 17°-5 (eS'-S P-) 
which had, till then, prevailed in their vicinity, and which waa 
BnSicient to allow palms to flourish, since remains of them m 
ftmnd in the deposits formed at their base, gave place to aeold 
and humid climate ; that) during this epodi, glacien wero- 
formed on the hi^eet nunmits of iha Alps and on the xamt. 
elevated ridges of the seeondaiy chains ; that th*M gladcTB 
increased to such an extent that they deacended to the latwal 
vaUeyBt and filled them to a certain height, and finally reached 
the great principal valley, where they nutted into one which 
ended by debouching into tlie basinof lower Switcerlaod. Tbua 
411 the great valleys aS the Alps would fiirnisb an exteoirive 
glacier reaching to the plain situate at their foot ; but ob» 
<nilj, tbat a( the valley of the Rhone, wwdd acquire soeh axr 
tennon as to traverse the plain and reach almost to the high- 
est points of the Jura. Theretom of beat would gradnallf 
melt th^e enormoua glaciers, and reduce them to their presmt 
dimenvono, while the debris which they carried with them, a* U 
seeo in niodero glaeiers in our own day, would s«Tve as marks to 
point out their progress, and constitate the erratic fiHmation> 

Of the hypothesis of ^eat diluvial glaciers thus anntnutoed* 
M. de Charpentior endeavonrs to demonstrate that it explains 
all the phenomena observed respecting the distribattoa of the 
ermtie formatiim. when we take into account the facts piw- 
sented by existing ^aeiers. Thus the »ratie matter of eadtt 
of the great valleys of Switzerland always preseets a eirillco* 
tion of all the rocks entering into the craspositioBC^ the moon* 

* SM Eaoiarii'* paper on tlie Oeologkol VisUfTj of tbeEartb. JuHtm's 
jMnul,T«1. n. p. 113, 
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tains of tliat valley and of those which open into it. It is th & 
same with the moraines and beds of glaciers, which contaih' alt 
the ivcks belonging to the monntains which encimipasa them. 

The form of the fragments, and the state of preservation of 
the blocks, are the same in the one case as in the other. The 
Well preserved blocks are generally the largest, because roll- 
ing to a greater distance at the moment of their fall, they 
reached the back of the glacier and remained there during the 
whole time of its progress. 

There are no blocks of too large a size for the expansive power 
of the ice, and M. de Charpentier mentions a block of serpen- 
tine in the valley of Saas of 244,000 cubic feet, which has 
been transported for about a hundred years, by the present 
glacier of Matmarck. 

The three forms of deposit in the erratic formation, seat- 
tered, aceumalated, and stratified, answer to the debris of the 
beds of glaciers, to moraines, and to the alluvium glaciare. 

The want of selection in the blocks and groups of the same 
species of rocks, the singularly balanced position which a cer- 
tain number of them present, are explained in the most satis- 
factory manner by the hypothesis of glaciers, those of our own 
day exhibiting the same phenomena. 

The comparatively larger quantity of blocks disposed on the 
flanks of the Jura than in the plain, is explained by this, that 
lower Switzerland, which served as a bed to the glacier, had 
no moraines formed in it ; the debris which it supported be- 
came scattered at the moment of its destruction, and the free 
lateral expansion to the right or left did not admit of accu- 
mulations of debris on the flanks of the glacier. But it was 
not thus with the flank of the Jura, upon which the great gla- 
cier of the Rhone rested ; there the blocks accumulated and 
formeda^rea//ronfti/»M(WfliwewMchis disposed on the declivity 
of the chain of mountains which formed a limit to the glacier. 

The most elevated debris of the erratic formation are the 
lateral morfunes deposited at the moment when the diluvial 
glaciers had acquired their greatest extent and thickness. 
The elevation of these debris indicates this maximum. Thus, 
in the upper Valais, from Aemen as far as Brigue, the glacier 
nmst Iiave been 2800 feet thick. At Brigne tlie vallsy 
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^illarg^, the glacier must necessarily liave become lower, and, 
in fact, the debris rise only to 2500 feetabove the Rhone. This 
height has continued for an extent of 17 le^ues, as fiir as 
Martigny, the widtli of the valley remaining nearly the same. 
It becomes narrower from Martigny to St Maurice, and tlie 
debris rise to nearly 300.0 feet, then foil to 2300 feet till we 
come to the lake of Geneva, the glacier having necessarily be- 
come lower owing to the great enlargement of the valley of the 
Rhone. Having reached the basin of the lake, the glacier ivas 
freely extended to the west and in the direction of Thonon, its 
lateral edge sinking to the level of the lake. To the east, on 
the contrary, the plateau of Jorat forced it to rise to 2600 feet, 
an elevation indicated by the debris deposited on tlie mountain 
of Playau. After passing the Jorat, the diluvial glacier of the 
Rhone arrived at the Jnra. There the insurmountable obstacle 
presented by that chain of mountains put a stop to its progres- 
sive movement ; the glacier rose upwards, and deposited its 
frontal moraine at 3000 feet above the lake of Neuchitel ; while 
-on the two sides, encountering no obstacle, it became enlarged 
by diminishing the thickness, and described, on the sides of 
■the Jura, the curve now presented by the debris of the erratic 
formation, which terminate on the one side near Soleiire, and 
on the other near Gex. 

The manner in which the erratic formation terminates, 
sometimes in the form of mounds or bands analt^ous to mo- 
raines, sometimes in scattered debris, or by mingling gradually 
with the diluvium, which must have been necessarily conveyed 
by the action of the mighty torrents which escaped from the 
sidesof the diluvial glaciers; at other times, finally, becoming 
confounded in a way which cannot be dispiited, with the de- 
bris and moraines of existing glaciers, — are all facts which 
seem to plead powerfully in favour of the hypothesis of glaciers. 

With regard to the considerable extent which the erratic 
formation of the valley of the Rhone seems to present, it is 
easy to understand why the glacier furnished by this valley 
should have been so infinitely larger than any of those which 
have reached the plain at the bottom of the Alps. In fact the 
Valais, for four-fifths of its length, is bounded by two of the 
highest chains of the Alps, and receives the greatest numbei- 
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ei kSMl Vkll*;! prooeedisg from moantaini of gnAolMit d*- 
Tfttion to be «tUl covered witb glaciers. Thns th* valley of 
tit* Rbout reMivea 33 of tlicte l«t«nt rtS»y» : 

ttt v&Uey 6ttht Rhine 

Keuu, . 
Arvt, . 
Aor, . 

Limmftt, 

and it is found, in point of fact, that the erratic fonaatio& al 
the valley of the Rhone is most extended, and that of the 
Sarine least so. 

Lastly, the effect produced even in the present day by ghr 
ciers on the rocks which fond their beds, renders it easy to ac- 
count for the marks of wear and friction presented by the 
rocks in the neighbourhood of erratic debris- But we ouist 
beware of supposing that all polished rocks have been ren- 
dered so by glaciers ; and M. de Charpentier cannot, for ex- 
ample, admit that the famous polished rock of the Col de la 
Fenetre, near the Great St Bernard, is the result of the fric- 
tion of a glacier, as M. Agassiz seems to think. He aaoribet 
it, as was done by Saussnre, and more recently by M. 
Leonhard, to the friction of the masses against each other, 
and to a kind of vitrification consectaent upon that friction. 

Now it will be asked of M, de Charpentier, how he can ex- 
plain the existence of a climate fit to give the diluvial gla- 
ciers of the Alps the gigantic development of that of the 
Rhone, for example, which was of such breadth as to cover 
all that part of Switzerhuid between Soleure and Geneva, 
and must have been sixty leagues long. He is of opinion 
that, although it may be impossible for him to reply and as- 
sign a probable cause for this great climateric change, we 
onght not on tbat account to reject his hypothesis, if in other 
respects it affords a good explanation of all the facts, just 
as we have not discltumed the theory of soul^vements, al- 
though we are ignorant of their cause. But he thinks he 
can account for the long series of cold and rainy seasons ne- 
CMiaiy to the development of diluvial glaoi«re, fran the very 
.6onM<)atbce« of th« 1a«t elevation of the Alps which imiia«- 
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Afttely pr«c«ded it He entirely renounces the opiuioa be 
had expressed in 1834, respecting a probable elevation of 
tfce Alps very mnch above their present level, and he oscribM 
the change of climate to the numeroos crevices and fiasnres 
which the upward projection of the high Alps must have pro 
dnced in the strata overturned by this formidable cataclysm. - 
All these crevices, the lai^est of which, filled in their lower 
part, constitute at the present day the valleys of mountains, 
must have served as passages tor the waters, which were thus 
enabled to penetrate to a great depth into the bosom of the 
earth. Soon reduced to vapour by the heat of the beds over 
which tbey ran, they became condensed in the atmosphere in 
the form of rain or snow, and the temperature of the waQa 
of the crevices must in this way have rapidly diminished. 
M, de Charpentier cites on this subject, on the authority of 
M. Poeppig, the case of the volcano of Andnco, in Chili, from 
Which escape white vapours, which are neither warm nor fe- 
tid, but very humid, and which are seen to change into clouds 
under the eyes of the observer. Thus, over a great extent of 
the globe, a great quantity of vapours must have been disen- 
gaged for a long period, and these, augmenting the humidity 
of the a&nosphere, and becoming transformed into fogs and 
clouds, intercepted the rays of the sun, and in this way ton- 
tfibuted to diminish the temperature. In this way he esta- 
blishes a long series of rainy and cold seasons, singularly fa- 
vourable to the formation and development of glaciers, which 
establidied themselves wherever the mountains were high 
enough to permit, and particularly among the Alps. And it 
is nof necessary for this purpose to suppose an excessive de- 
gree of cold. That of the years which succeeded each other 
from 1812 to 1818 would be fully sufficient, according to M- 
de Charpentier, supposing that it was continued for a long 
enough time, to explain all the development hypothetically 
attriboted to the diluvial glaciers of the Alps. A very great 
cold would be even contrary to the theory of glaciers, because ' 
rain or liquid water is necessary for their formation and in- 
crease. It is probable that this change of climate was the 
cause of the gradnal ezHnction of beings which had lived np 
to that time ; they were enclosed among the ice formed at Uiis 
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epoch in the north of th« old contiuent. , Tbedilunat glaciers-. 
of the nwth, favoured by climate, acquired eyco greater ex- 
tension than those of the Alps, and dispersed to still greater 
distances the debris they can'ied along nith them. I..a8tly, 
in proportion as the creviQes and fissures created by the diB> 
location tuid Iracture of the beds became closed up, and the' 
water ceased to penetrate in such great abundance into the. 
ioterior of the globe, the vapours diminished, and the hygro> 
metrical and meteorological state of the atmosphere under- 
went modification. Rain became less frequent, the rays of 
t^ ain became mere active, and the diluvial glaciersc at once 
deprived of water and exposed to a higher temperature, mast 
have melted by degrees and retoriied to their present dimen- 
sions. 

As to the considerable time necessary for the formation of 
these immense dilavial glaciers, M. de Cbarpentier first re- 
marks that authors are not much in the habit of hesitating 
about time in their geological hypotheses. No one refuses 
to admit very long periods of years, when attempting to ex- 
plain the formation of thick beds of sandstone or limestone. 
Bnt his hypothesis does not require much in this respect- In 
fact, in 1818, the glacier of the Rhone advanced about 130 
feet ; by supposing a similar annual progression, it wonld re- 
quire 774 years to extend to Soleure, that is to say, 66 leagues 
from the bottom of the Valais. Thus, a climate analogous 
to that which prevailed in Switzerland from 1812 to 1818, 
continued for about eight centuries, would be sufficient to 
enable the great glacier of the Rhone, augmented by all the 
glaciers proceeding from the lateral valleys, again to advance 
and deposit its mwaines on the sides of the Jura, where we 
now find the debris of the erratic formation. In 1818, the 
alarm was such among the mountfuneers in the valley of 
Chamouni, in consequence of the considerable enlargement 
of the glaciers, that no one doubted that if the cold and rainy 
weather of the six preceding years had continued for five 
more, all the glaciers would have become united, forming 
only a single glacier, which might have extended as far as 
Sallancbes, situated 7 leagues firom thence- 
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filling np the opentnge of the great valleys, such an obetadewaB 
ina(^uate to sb^ theprojp'^ss of glaciers. Wfaeo oace tiie wa- 
ter of the lake cools to zero by the melting <d th« ice, the water 
will snpport the, glacier, if it is so deep that it cannot reach the 
bottom. In fact the d^isity of ordinary ice is about 0.93i 
sod that of the porom ice of glaciers must be still less con- 
siderable. Thus, the glacier of Pan^rossaz, in the Alps of 
Bex, ia in great part supported by a lake ; in like manner, 
in 1817, the glacier of Schwartzberg crossed the whole breadth 
of the lake of Matmarck ; and we aiao know, as Scoresby ob- 
served on the coast of Greenland, and quite recently as Cap- 
tun Ross found near the islands he discovered in the neighbour- 
hood of the south pole, that glaciers advance into the sea to 
the distance of muiy miles. 

We pass over without remark other objections of detail to 
which M^ de Cbarpentier endeavours t^ give atiawers, either 
by taking it for granted that they will be urged against him, 
or, because they have really been started since ius hypothesis 
of -diluvial glaciers has been made known to the scientific 
world ; and we terminate this short analysis of his work, by 
a few words on the influence which he ascribes to glaciers un 
the diluvial phenomena. The three principal of these phe- 
nomena are: the configuration of the surface of the valleys, 
and of the plain between the Alps and the Jura, — the deposit 
of diluvial matter, — and the transport and dispersion of erratic 
blocks. These three pbenomena, which are continued to our 
own day, although on a very reduced scale, have been in some 
degree contemporaneotis in the diluvial epoch ; but the actions 
which predominated, succeeded each other in the order in 
which they are announced. In fact, if, as M. Agassiz thinks, 
the di^^ersion of the eiTatic debris had taken place first, 
and at the moment when the Alps pierced the sheet of ice, 
which he supposes to have then existed, we ought to find 
these debris generally covered and buried up by the diluvium, 
which has not been observed to be the case. 

The partial filling up of crevices, whether by means of 
Ifu*^ fragments of broken rpcka;which atilV project from .the 
bottom of the valleys, or by the hubstances carried down by 
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tte waters penetrating by their fissares, most liftve oMBmeocdd 
immediately aftw the rising (^ the mouDttiins. Tlte torrents 
fcnrmed before the commenoement of the era of glaciers, moat 
bave carried along mnch debris, whkh, after falling into, and 
levelling the bottom of the ralleys, disohai^ed into the laket, 
that close np their entrance, all the materials not preriomly 
deposited. The basins of these sheets of water' were tiras MB' 
nbly contracted' 

' The second phase was that of the formation of gladers 
and the transport of erratic blocks. This dispersion took 
place at first in the highest valleys, then gradually in the low 
regions of the Alps. When the glaciers had passed over the 
lakes, the blocks of alpine rocks they trangport«d arrived in 
lowM- SwiUserland, and there formed moraines, bands, and 
glacial deposits ; those which remained on the baek of th« 
glaciers produced, on the melting of the latter, scattered depo- 
sits ; lastly, such as were carried along by torrents, formed new- 
beds of diluvium. These torrents produced by the melting of 
Ae glaciers conld not tail to be very considerable, and they 
must have modified the relief of the plain, by mingling with 
the debris already deposited, such as had been brought dowii 
by the glaciers of the high Alps. They most have formed twA 
great rivers, one flowing into the basin of the Rhine, the other, 
into that of the Rhone. At the mom«it of the general melt- 
ing of glaciers, tbey must have been soch as to carry blocks 
of considerable size to great distances ; and it was peiiiaps at 
this period that the blocks of alpine rocks, 3 feet in diameter, 
^Merved by M. Elie de Beaumont, in the neighbourhood of 
Lyons, were transported. Mortunes could not be formed in the 
portions of the sides of a glacier which formed a passage td 
these rivers, for as soon as the blocks were detached, they 
were carried away to some distance by the water ; and it is 
this that expluns why it happens between Gex and GeneTa, 
as between Soleure and Herzogenbachsee, that at the two 
lowest points which the diluvial glacier of the Rhone reaohea, 
the erratic formation, instead of terminating in a moraine, 
passes into the state of dtluviom. 

The melting &f the dUuvi^ glaciers forms the last phase 
of the diluvial period. The Uo^ whieh «m« np to Afi 
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tinw di^iOMd only along the sides of glaciers, were now scat- 
tered here and there on the same bed they had occupied. 
Theie debris continaed in their place whererer water had not 
access to them ; and where tonwits were fbnned, only the large 
blocks remained. The small debris carried farther, formed 
new beds of dilavium, which hare often interred the large erra- 
tic blocks found in Uiein. When the melting of the ice had eon- 
fined the glaciers within the lakes, their inflnence on the 
ttmnation of Lower SwitzM'Iand would entirely cease; and the 
materials which the torrents, to which they give rise, con- 
tinued to carry alcng with them, as they do to the present 
day, were arrested by the lakes, and accumulated at their up- 
per ends. Once more restricted to the valleys of the Alps, 
tlie glaciers expwienced alternations of progression and re- 
troceeeion analogous to those we witness in our own times, 
and which explun the varioua stages of moraines to be seen 
on the flanks of mountains on the two sides of the valley. 
Bat when the vapours diminished greatly, and the atmo- 
sphere cleared, the rains becoming less frequent and the sun 
Warmer, Uie glaciers melted more and more, and retired 
within the high valleys, whwe we find them in tiie present 
Any. This influence of glaciers, formerly so considerable, on the 
eonfignration of the surface itf the valleys and basins of Switeef' 
land, is still continued though on a very small scale. TheystH) 
transport debris, form moraines, leave scattered deposits ; in a 
word, create an erratic formation around them. Torrents 
carry away a part of these materials, heap them up in the 
lakes, and form diluvium ; so that the present geological 
epooh is nothing else than a feeble continuation of that which 
preceded it- 
Such are M. de Charpentier's views on the formation of 
the erratic deposit ; views founded on a long series of studies 
and observations, and which he brings forward with a noble 
and modest simplicity, and vrith that entire absence of all ir- 
ritation against the objections that maybe made to them, which 
cbKracterise, in suoh a high degree, this distinguished philoso- 
pher. His theory, it will be perceived, differs from that of' 
M. Agacsiz, liuumueh u the latter, although admttling th&t 
Ae glaciers of the Rhone may have ektended as &r as the east- 
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era banks of the lake^to Vevey op even to Lausanne, yet can- 
not conceive that they could reach to the Jura ; and is there- 
fore of (pinion, that the blocks met with on the sides of 
this chain of mountains have been brought thither by means 
of a great sheet of ice, forming an inclined plane from the sum- 
mit of the Alps. Ice, it is true, is thus the principal agent in 
both hypotheses ; but the one supposes a very*considerable 
change in the temperature, and a state of things which no- 
thing of our own times can enable us to form an idea of; while 
the other is founded on the direct observation of actual facts, 
and requires nothing more from the imagination of the reader 
than to prolong, for a sufficient time, the exceptional circum- 
atances.ofwhichwe yet witness occasional instances. This the- 
ory of diluvial glaciers has already made much progress among 
geologists, and its application is by no means limited to the 
erratic deposits of the Alps. At a great number of plaees, in 
England, Scotland, and Norway, some have thought they re- 
cognised facts analogous to those on which M. de Charpentier 
has founded bis hypothesis ; and now that the impulse is given, 
it is perhaps more to be feared tliat we shall see a good many 
geological phenomena ascribed to the influence of glacier?, 
which the author of the theory would himself have excluded, 
than that doubts will be thrown upon the facts which be has 
so well described and so conscientiously observed.^ 

On the Glacial Theory. By Roderick Iupey Murchisox, 
Esq., President of the Geological Society, &c.t 

From a stutly of tlie Alps, where VencW and Chatpentiec led the wbj 
is afaewiDg that it connection existed between the erratic blocks and tlic 
advance of glaciers. Professor Agassiz baa deduced a glacial theory, and. 
lias endeaTOured to generalize and apply it even to our own countries, 
in which effort he has been supported by my predecessor in the Chair. 
In the following obserrationa, I will endeavour to point out what new 
materials have been brought forward, abroad and at home, to enable us 
to reason correctly on this difficult question, and I will then suggest some 
essential modifications of the new hypothesis. 

- As propounded by Agassis, the glacial theory, even in its application 
to the Alps, has met with an opponent in the person of Professor Necker 

- From Bibliotli. UniverBElls de (Kneve, No. 7*, p. 390. 
t From the addn-ha delivered at tlie Annirorsery Meeting of the Geologi- 
cal Society of London, 1B43. C 'ooolp 
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de Sbuhuw. Fn the Qnt volume of a work wliicli lie Is now publUliing'i 
M. Kflckei treats, in gre^l detail, the whole aubject of superficial delritui 
connected with the northeni and western watershed of the Alps, and 
gives US the fruits of many years of observation. Adding very coDslder- 
ably to the list of plicnomeniL of Iran sported materials collected by M. A. 
dc Lucr, he takes bis own illustrious ancestor, De Saussurc, ns his model, 
and following in the track of the historian of the Alps, he endeavours to 
enlarge and imprOYe vpon that great observer's suggestions. Pointing 
out the distJDctiODS between two classes of detritus, viz. one of high an- 
tiquity and another of modem date, M. Neeker contends tliat the enor- 
mous masses of tbe ancient drift or diluvial detritus have a direct con- 
neclion with the actual configuration of the surface, because the dtlrf 
part of tfaem has been derived from the centre of the chain, the flanking 
and lower monntuns, and even thestnila on which it rests, having contri- 
buted'compuralively little to the great advancing body. Eiamining the lugh 
valleys about Chamoani and the foot of Honl Blanc, and finding massive 
walls from 300 to near 600 feet in height, composed of this ancient ditu- 
vium in its coarsest form, near the extremities of certain glaciers, he con- 
eludes that they were once the moraines of glaciers which melted away 
and retired &om them. He then goes on to suppose that when the re- 
cession of the glaciers took place (an effect which he refers to the same 
cause as De Saussure), such transversal moraines formed dykes standing 
oat at some distance from tlie mount^u antl barred up lakes formed by 
the melting of the snow and ice. These lakes, at length swollen to ex- 
cess, are supposed to have burst through the moraine barrier, and to have 
drifted the materials of which it was composed into (he lower countries. 
K. Neeker believes that when these ancient glaciers existed, the Alps 
were considerably higher than at present, and he judges that such was 
the case, because the " aiguilles " of Mont Blanc have been lowered very 
considerably in our own times. Arguing that great blocks arc never 
found at the foot of mountain chains whicli have not permanent gla- 
ciers, of what Do Saussure called the " first class," he cites many nega- 
tive examples, and brings forward the Pyrenees, where no true erratic 
blocks are seen, as a proof that the minor or second class glaciers, which 
there occur, never advanced sufficiently far to dam up water-courses, and 
thus to form those great lakes, to the letting off of which and to the de- 
struction of vast moraines, he attributes the presence of large boulders in 
the Alps. 

I must, however, remind M. Neeker, that if he assumes that all great 
erratic blocks are to be referred to some neighbouring chain, now the seat 
of glaciers, he forgets the coses iu Scotland and England, and indeed 
many others, far removed from mountain ranges, and which must be 
classed, as i shall presently shew, with submarine deposits. Indeed, by 
Ear the widest spread of erratic blocks with which we are acquainted, ex- 
tending over the plains of Germany and Russia, must have.taken place 
(,aa I beUeve at least) when those flat regions were beneath the sea ; for 
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iccnt obiervatioiu have «bewit, (liat tbe Uocks comtkaU tl 
or lut fiiufiicB deposit in tmcU which exliibU, hoe wd duw* pnwAi <f 
having been an ancient bottom pf ft §tt, Sot without extending hif 
tIieoi7 ^ Otlie'^ pW of the yr^ili, it 4p» lUt Appear to na, •vcb when 
confined to the Alps, that U. Xecker expleini satisfustoiilf how tba ft*-. 
nite blocks of Hont Blanc ahoold lie upon the Jun, hj an; refKeiwe ta 
subaeiial debacle ; for if ve are t« imapne the deep ltoll»v of th« ItJw 
of QencTa filled up with fravel, eand, and mud, and ibnuioj* an iBcHsed 
talus born the centre to the flanks of the chain, the subsocpent scooping, 
out of tbia enomoua mass of materiala involves an iateiwit7 of dLgrada^ 
tioD u difBcult to believe in aa the fonuet eitieuie climate of Agasme, hj 
which thonsands of feet of snow and ice are siij^osed to have occupied 
the tame deep valley. I ought not to omit to state, that one of the chie£ 
elements introduced bj: Agaanz into this quesljoD, the ptdisbed wi striUed: 
■udaces of the rocks, hoe not yet been alloded to by this aathor, hot will- 
be treated of in his second volume. 

In the mean ^me, however he may £ul to account satisfactorily fi>r tb« 
transport of the very distant great blocks, we have to thank M, Neck«c 
for the additional materials, mhieb seem to establish one fundamnilll 
fitct in reference lo the Alpine case, viz., irtien this detritus was out ol& 
the gorges and flanks of the chun had nearly the same refereBee to tli* 
central crest as that which now prevails. If this be proved, Ae thoo^. 
which depends chiefly upon the supposition, that a great elevation of the 
centre of the chain broke off the ice and dislodged the gjaciers, is de- 
prived of its chief basis. In what manner Professw Agaesii canacooilDt 
for the Alps being a great centre of dispersion wAeu at a lover Itvel, is in*, 
deed a. part of his theory which is not easily comprehended. On tho 
other hand, whatever we may think of M. Necker's hjpotheeis, it Diufl 
be admitted that the facts adduced by him support one essential point at 
the glacialists, by connecting the presence of blocks with the existence 
of glaciers in the Alps, the fonnec being, as he states, invariably fbuod 
both in the southern and northmi watosbeds of those mountains, and M 
the mouths of the great transverse ravines which lead up to the r^ioitt 
of perpetual snow, and in aU such cases he allows tliat the condition of 
the blocks is highly indicadve of their having once formed part of tbf 
" moraines" produced by former glaciers. 

Bat the important point, that the glacier is the chief source of the ori- 
gin of erratic blocks, is entirely denied by another antagonist to the tbeoty 
of Agassix, who has appeared in the person of M. Oodefiroy.* 

After the observations of two summers in the Alps, this author has b«-. 
comeconvinced that the materials of the BO-calledmoraines have not hcCA 
derived simplyby the glader from tl)e solid rock in tbe hi^er mMintain*, 
but are the re-arranged portions only of a great pre-existing diluvial d*- 

■ NstiM mr 1m OUctM^Ies Miw«la«««tle* Bloc* Erra»vi<^, IBM. 
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yiMit* irtfidt had baM SMumlUed i> Ibe ndktiif TaU«^ duibig %f»- 
itDd ef gmt dwtaAuwe, mIcbm to tlie dxhUbcc of ^ ■ ci— is Hat kti- 
l«ifak DcMribAig (like M. Neck«r) «iw of tbne " twsin" h bwinf a 
coatiniunu iBOgth of fifteei leagUM, b« infen that aueli a wm bbwM . 
n^rer haye been depotited by a glacier ptoceeding fton BountatM of ■» 
gi|a>BT altitodo than Hie Alpc. Afgning that gUcicn am aMfalf Ac eoq- 
dMiaed oi c«BbBl p«ni(»iB of vast ■tfcnmnlatiftM of M»ir, forced dowB- 
w«ida into the gorges bj inereaung volume from above, the chief oovelty 
ot M. Qodeffioy'i woik ii eoutained in the c^iuioD, that in advaocmg,; 
t^na bodies of ice cut throt^h Uie aneicDt diluvium or drift, juU ai a 
ploftgb-ahaie cleaves tbe soil ("preeso tellua coaentgit aratio" being hie 
maUa), and ihtew up loaie portiona into lateral morainee, ae well aa. 
pKoeed before then othenlofomteraiiiMlmorainee. 'f o the cryaialline 
asd liecbaokal aba^M which the now has liDdergone in it« pats^*-. 
iataariidice. La aUnbated nnch of the cmiftintMi and iir^ularitf of oot- 
line so virible in the " aiguilles" and other icj maesei of the Alpe ; and. 
t» tke ava« distartiing action b tefened the rouaded aod woni esteriot 
of the bonJdeis in monunes, as contnsted with compatatively angnlai- 
Uocks of the pie-existing drift which have not been in contact widi the 
glacier. I i^ei yoo to the woik of H. QodefiVoy for the explanation «f 
the Tuannfj in which he supposes the tuifitce of the advancing or retnat-, 
ingglacier was subjected to lateral overflom or " ^croulemena" of atODce, 
giavel, and eatth, and also for his theory of meiUal monunes; but 1 now 
lAJng to /our notice his ingenious effort to solve one of tbe vcrj difficult, 
elimatidogical protdems in the A]^. Having shewn how the lowci val-: 
Ujri mustf from jear to year, become mote and more encumbered with 
detritus, be nisei this &ct to explain by it alone, both the wcU-knowB' 
retreat of the glamois and the &ct bionght forward by Veneu and otber- 
obserreis ; viz. that roads which existed in certain former passes of iha 
lugb Alps are now quite choked up with snow and ice — a &ct which 
has beea supposed to indicate a sensible decrease of tempciatiue within 
tbe historic »n, M. Qodeffioy contends, that in aocieat dues, when 
the goiges were more open, and the he^s of detritus at the entrance into 
the lower valleyB were less in size and fewer in nunber, and when conac- 
qiiently tlte glaciem easily extended to greatec distances, the contimul 
■ad unrestricted supply of snow and ice from many affiuents more thaji. 
countervailed the Ioeh through alniHpherio action ; bnt that as tbe ob- 
staeles iacreiaed at some distance above the terminal moraine, the lower, 
ends of the glaciers not being so fed as to regain in one season the melt- 
ing losises of the previous year, the inevitable result was a succcsnve 
shri^a^ and retiooeasioa of the mass. The inerease of snow and ice h 
the upper passes, and the Mocking up of the roads, are explained by the ' 
sAme agency ; for as soon as the descent of the glacier from the higher to 
the lower Alps was Impeded, it would follow, that the frozen matter of 
the higher regjons, delved of ita previous exit, msst Snd its way inl9 - 
the adjacent upper depresrions, and diere form tlxne taerr rfr fbue wUdt 
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have obstructed the road-wap or pataes of onr soceitais. ' Thas is tb?; 
supposed awnuil}' expluned without recurring to taty change of climatt.*- 

la tttat part of our ami oouDtTf to which the glacial tbeorj has been- 
«ppUed, Mr Charles Msclnren, already known to jou bf excellent geblo- 
gicnl treatises, has recently published a well-condensed small work ex- 
plaining the Tiews of Agassiz. The phenomena of glaciers and the gen'enl' 
doctrines derived from th«r study being explained, Mr Maclaren proceeds^ 
to analyze those cases tA transported detritus in the neighbourhood of 
Edinburgh to which llie theory had been eui^osed to apply. 

A year and a half only has elapsed since Frofessat Agassiz and Dr 
Bucltland seemed to think, that this district was as rich in proofs of the. 
sctLon of glaciers as many other parts of Scotland which they Tisited, and- 
as I happened to witness the eSbrts of my predecessor in this Chair to 
ftttach Mr Maclaren to his views, I must be permitted to direct your at- 
tention to the practical results at which this gentleman has arrived in- 
some prominent cases. 

Observing blocks of greenstone on Arthur's Seat, which, from (heir 
peciihiir structure, must have been transported from Salisbury Crags, a 
imcer hill, and separated from the former by an abrupt valley, Mr Maclaren 
infers, that if the present surface of the land be argued upon (and in all 
questions of glaciers this is a postulate), neither glacier, nor iceberg, nor 
current will explain the foct. It is unnecessary that I should here examine 
this author's hypothesb, by which. In order to solve the local problem, he 
restores the inclined stratified masses of Salisbury Crags to such an ex- 
tent as to g^ve them an altitude in ancient times superior to that nf 
Arthur's Seat l for whether we adopt his ingenious view, involving a 
mighty subsequent denudation, or suppose that in the oscillations of this 
plutonio tmct the former low and high points of land have been relaUvely 
depressed and elevated, it is obvious, from the very structure of the rocks, 
that in both cases a subaqueous, and not a subairial condition is called 
fbr to explain the appearauces, and this too, be it recollected, on the sum- 
mits of the highest hills in the immediate vicinity of the Scottish metro- 
polis, in and around which the action of glaciers has been supposed to be^ 
visible at mnch lower levels ! 

Among the examples of the scratched and polished sur&ces of rocks 
near Edinburgh, I do not perceive that the glscislists have grappled with 
certain appearances on which Dr Bnckland formerly dwelt with so much 
pleasure, viz. the grooved or channeled surfaces of the Biud Hills, first' 



• I hoped to have been able to qoote the opinions of Frofeuor J. ForbM on 
this vtMUa fumiio, becauaa it is well known that he was a companion of Proftnor 
Aeaasla in the Alps during the lait Bommer, bat this distinguuhed cnltivattw of 
pbjBical acience has not jet publislied hla viewi on tbe actlota of glacien as addl- 
ing the sorface tS the earth, thoug-h he has given to the public a very ingtuiotu 
Eketch, descriptive of a peculiar parallel striation In the solid ice of glacien. — 
Kdiubiwgh New PhiloBophicitl Journal. JaiiitBry 1812. 
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foiated out bj Sir Junes Hal), and which the great chemical geologiai 
attributed to a powerful rash of waten. When I visited the low lidge is 
que«tjoii with Di BucUand and other frieadaj* my oonTiction waa that 
these grooves, though then attributed by Dr BucUand to gkciat action, 
are due neither to that «g«icv, nor to any rush of waters, but are nmply 
the renih of the changCB wliich the masi of the lock underwent, when it 
passed from ite farmer molten or paaty conation into a solid State. These 
^pearances differ essentially from oidinaiy glacial scratcbei or Moriogi.t 
They are, m &ct, broad uiidnJatioDS or furrows, and instead of trending 
frwn the higJier grounds to the Firth of Forth, as would naturally be the 
case if they were due to the expansion and descent of glaciers, they rise 
-ig> to the nry uuhmH of the low ridge in a direction transverse to its 
bearing, and with no neighbouring point of ground higher than that <hi 
which they occur. On clearing away the thin turf which barely covered 
the roc^, some of these undulations in the surlsce appeared wide enough 
to contain the body of a man, and though observing a rude sort of paral- 
lelism, their forms were often devious. As iheir surfece was smooth, not 
much unlike the usual aspect of the go-called " moutoun^s" rocks, the 
glatnalistt of our patty at first seemed to be proving their case, when sud- 
denly a discoveiy destroyed, at least in my opinion, their theory; for in 
the adjacent quarries of (ho same hill, at a much lower level, and upon 
beds just uncovered by the workmen from beneath much solid stone, other 
sets of undulations or grooves were detected, so like to those upon the 
summit of the hilt, that a little atmospheric influence alone was required 
to complete their identity. My belief therefore is, that the undulations 
were caused by the action which took place when the stone was solidified. 
Phenomena of a aimilar nature to the Scottish have been since ob- 
served in Wales by our late Fellow, Mr Bowman. C^tivated by the 
glacial theory, and having himself endeavoured to shew that it could 
even be as sucoessruUy' applied to the south as to the north of Scotland, 
he examined the highest region of Wales, with the geological structure 
of which he was previously familiar, half convinced, a priori, that he 
would naturally find in those mountainous tracts some proof in support 
of the new views which he had adopted. He, however, quitted that 
country without having been able to observe any evidence whatever in 
favour of the Alpine theory, though his journey enabled him to detect 
several examples of striated rocks, which in unskilful hands might have 
been mistaken for the effects of glacial action ; and these he holds up as 
warning beacons. After stating that there are, in his opinion, no ter- 
races which any follower of Agassiz can construe into " moraines," whe- 
. ther terminal, medial, or lateral, on the flanks of the roouDtains of Snow- 
don, the Arenigs, or the Berwyas, he describes three distinct and diffe- 



■ Dr Grabain and Mr Maclaren were of ths party, in October 1 B40. 
t PlHter nati of these exlct in the Geological Societv. 
TOL, XXXtll, KO, LXV. — JULY 1842. I 
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-mtty famed set* <rf puMllel nwiking* whicb he obutrcd iB Uw uvitiy 
nmeoieied enifeoM of the achistoM Silaritm roukt, and ■bewi latftfiifr 
-teril; bow lueh appeamnceo, at well ai the tepa ^ the joinla, might be 
mittaken by cunorf observcn tot actatehcaf altlioa(h tkty an in Act due 



Unlike Mr Bowman, Dr Buclcland haa not confined his view* of the 
aotion «f glaeien to Seotlaod, bnt q»plice tbem laigelj to the north of 
Eigland and to Walei. He ba« receatljr endeavouied to satiify tu, that 
the rock* on the aides ei the chief Tatleji in the lattn country which 
op^ out from a eommoii centre of deration are atriated, worn, and po- 
liehcd in the ditection of the present water-conrte*, and then he coa- 
ecires to be erideoceB <A toimet gkciert, which filled up all the valleT* 
ndialinj^ ttom Suowdon to a distance of many milej from a conuaaa 
centre. I eonfesi I aee almoet inmrmountable objections to this rlew. 
Apart from other evidence, the very i^ytieal f eogispby of tbit tract ti 
■t nriance with the coiutniction of ludi ao bypotbesi*. In the Alpi, 
md indeed in every other part of the world in whicb they hare been ob- 
served, the lenfth of glaciers is in ratio to the height of the maoBtains 
from which they udvance, or, to uae the words of Agassii, from wUch 
they Afpand. Now, wbilrt in ttte preicDt days, a email glacier hang* to 
the sideiofs mighty giantlike Alont Blanc, havbg the altitude of U,(KI1> 
fcet, our Welsh hiUs, having a height only of 4000 feet, had glacicn, faf 
the shewing of Dr Buchland, of a length of many miles. Again, in the 
same memoir, which fills so large a portion of the principahty with glfe- 
oiers, the author comments upon certain facts already welt known to HI, 
fii. the eiistence upon Moel Tryfaoe and the adjacent Welsh moun- 
tabe of sea-shells of existing species, at heights of ISOO uid 170U feet 
above the sea, where they are sssociatcd with mixed detritus of rocks 
' tiiansported from abr, all of which have travelled from the north, the 
hard ebalk and fiints of the north of Ireland being included. Uow aw 
we to reconcile these &cts with the theory that the greater part of the 
country in question was frocen up under the atmetphtr* in some ports of 
the same modem period? Uuatde otherwise to explain bow marine 
shells should be found on mountains which are supposed to have be«i 
previously and daring the same great period occupied by teRcstrial gla- 
ciers the accumulation of ages, Dr Buckland invokes anew die aid of the 
old hypothesis of a great imee. This wave, rolling ttom the north, maat 
have dashed over the mountaius to a height of near 2000 feet, deposttiof, 
as it went, gravel, boulders and fragments, derived from places 200 miks 
diataut, and Uan'sporting also marine shells in its passage. But is it not 
more natural and accordant with ail the data upon whieh our science has 
been reared, to suppose that when such shells were deposited, the part« 
of the mountain so affected were permanently beneath the sea, than to 
caU into play the assumption of the pass^^ of so mighty a wave P At 
one moment the argument used is, that scratchings and pollshings of 
Mck must have been done by ice, because in existing nature it ba« been 
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fytaA tlui ice can i«od«ce meb efiMi ; wtA'm tJw *hh Inatk «• ■• 
vAAQmi, t>»d« of •h«ik bM» bwa pheed on * mMuiUin b^ m ■pmer 

&faett)i»"rlMwr''tbMMrf WMTCmMt^iUwAM, iBf«*«Bf tM 
mach, n»r ba ««iid to 4BMro7 itoflf. J>t it be UmiWd to aueh •fieeb a> 
•n UiAf d«dwnUe from tbc Alpine pbeoomeaft w eUarif dcMnbed b^ 
AgBssiz, and we must all acbune in U a oera MitM of exee«diag ittWiMt ; 
bat oBce pau the bouade of legittoiate induetios from that vera etuua, 
and tij' lo fime the vtaaj asd bigfal; direnified Bupeifioial pheDcmcaa 
f£ Uae ciuface (rf tlie g'lobc, iuto direct airreeneDt witli evidMeu of tk 
■etion of ie« uvdef Uie atnoipbew, and yoa will be driven fiMwaid HLe 
tbe ingieoious autboi of the Aeory, m to »^\j it to Taat tnets of tlie 
^be, as in Ute end to «<wdiict yon to tbe b^ief, that Mt onJf both 
Dortkom and soiufaem heimq>be*eej l«t cTeo fuoM ttopioal refioM, 
were alitit up during a lung period is an icj maode. Osce gtaat to 
Agaatb that hia deepest vallef* of Switzeriond, auch as the enomooe 
dwm of die lake of Geneva, wen tavaieAf filled with solid snowaad 
ice, md I see no et<^>iDg-pl8ce. From that hfpotkeHs 70a may pea- 
ceed to fill tbe Baltie and Ner^eni Seas, eovet SouthNn Esgland, aad 
hatf of denuny and Stiseia with wmilu icf tbeets, od the auifiuiM at 
which all the northern boulders migbt have been shot off*. But erca 
wen )ueh hfpotbeses gwoted, without we atoo bvild up fomter mown- 
tauH 'Ci inJbitely gteatcr altitude than »aj which bow exist, we have w» 
adai^iute ceKtoes Ear the coustraetioa of Mumnoos glands whicji una- 
gnatiM twul create in wKay regioos to aeeount for the pheaovcas. 
The -retj idea wbioh rec««)s tbe existeBce of these vast ftwrner theeta of 
ice is at Tsriaace with alt that is moat valuable Is the weAs of C%aipea> 
tiwj Venets, and Agaemt, whose da^a, as eat^oUy ejhnimted froas ii- 
PMM pheoonena alone, would natoiaU; tea^ w nerer ta eUe«d ^mia 
i^pliealioti wboi (hose oonditioDs are absent, tIz. tlw nountain dwia, 
bf the *«iT pKSetice of wUcb the pbenoiDeDa are exiduued. 

BM thoagb the Alpme glaaal theMf be aew, the scnt^ea sod polic- 
ed tBffacee ol socks are hy oo me*ng of reeest obaertatioB. Umbj 
Smt^iA nifieis, fnow tiie days of Tilae aad BergHan, failed not to tc- 
XMrk how their uottoiaiB eidee wete farrowed, and in ooi own tjaea, 
Se&tioBi* of Sweden, and Bifbtlingkt (rf&uBsis, hwre sot onlf nuiowfy 
tsaeed tbesa over wide rei^s, but hare endeavoufod to aeeoDHt fbf 
Ihon. The first of these authois senarked, t^at nearij all tbe hard lockt 
flf this oo«uiUy had a " worn or weatbei nde," and a tug^lf eecwpcd «c 
" lee side," tbe fsoBer being expcned to tbe north and tiie kttex to A« 
south ; and having further sitewn that the detntos had generally bem 
canjed boai N. to S., he called the w<«i iaee die " weai^M aJde," anA 
the higher and jagged extremity of such ridges (he " lee side." . ExteoA- 
iog Us observations to many hundred places, he divided Aese mxaitikea 
into what he calls normal and side ^tows, Viewing Utat ia the Isrtter 



* See Tsf lor's Sdentiflc Memoire, vol. UI, p. 81. 
t Jnn«Min's Joamol, vol. mi. p. 368, 
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there are frequent obeTrutioDs fromtlie petslBtent courses of the former. 
Although he hnd been at first disposed to think, from the data in a ({iven 
country around Fulun, that the nonnal lines were invariably &om N. to 
S., he afterwards discovered that in large tracts of the South of Sweden 
the direction was from N,W, to S.E., and in others, particularly along 
the coasts of Norway, from N.E. to S.W. ; all these facts being recorded 
on a map, which is a most valuable document. 

Since SefstrSm's work was published, M. Bohtlmgk, a young Russian 
naturalist of great promise, but, alas ! prematurely carried to the grave, 
extended his researches to the northern territories of Russia. Observing 
that the dominant direction of the scratches in parts of the governments 
of Olonetz and Archangel was from N. to S., and that along the edges of 
the Bothnian Oulf tfaeir course was from W. to E., he passed tlie summit 
level of Russian Lapland, and found that there the drift had no longer been 
transported from N. to S,, or from N.W. to B.E., but, on the contrary, 
from 8.E. to N.W. ; or, in other words, that the blocks of Lapland had 
been carried northwards into the shores of the Polar Sea. Id a recent 
letter to Mr Lyell, read before this Society, Professor Nordenskiifld has 
accurately recorded the phenomena of this class observed by him in 
Finland, and he shews that thuie the blocks and strife proceed from 
N.N.W. to S.S.E. 

' The theory of Sefstriim and hie followers is, that a great Bood, trans^ 
porting gravel, sand, and boulders, was impelled from the north over pre- 
existing land, and that the deviations from the N. and S. direction are 
due only to. various promontories by which the flood was deflected. So 
convinced was Ihia author that with local aberrations all the transport 
throughout the whole of Europe had taken place ftom north to south, 
that he not only travelled over the whole of Germany, and saw nothing 
except materials streaming in the same direction, hut even carried with 
him his northern drift into the Austrian and Bavarian Alps. I will not 
waste your time by pointing out the errors into which his hypothesis, 
though founded on data good within a limited radius, led this author. 
Every one who has studied the Alps (and the facts were well known 
before the daj's of glacial theories), Is perfectly aware that the detritus 
on their flanks has been shot off eccentrically from the higher central 
masses. The observations indeed of BJihtliogk give the same result 
upon a very grand scale in the north, and explain what SefstrJim, with 
all his valuable labour, had left unknown, viz. that the Scandinavian 
mountains, as a whole had produced exactly the same detrital result as 
the Alps, having poured off their detritus in all directions /rom a oommtm 
cetUre, the northern chun differing only from that of central Europe, 
by the much wider range to which its blocks and houlders were trans- 
mitted. 

My own belief, Gentlemen, as you know, has been, that by fxt the 
greatest qoantity of boulders, gravel, and clay distributed over onr 
piutns, and ocenpying the ndcE of otu Htnaiiea and livei books, ma ac- 
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cutnulated hmeaik the materi ot furmet dajs. TfaiDDgfaout large tracU 
'of England yre can demonstrate this to have been tbe case bj- llie eolith 
cation of marine sheila of existing species with fiir transported materials. 
It 'waa the aasocialiou of these teatacea vith foreign blocks in tlie cea- 
tral counties of England which first led ine to attach a new and sub- 
stantial value to that view of glacial action which had been so well sd' 
vocated by Mr Ljell before Professor Agassit came forward with his 
great terrestrial and gcneial theorj. I am bound to say, that wide re- 
searches daring the last two years have strongly eonflnned ray eoriy 
TiewE." I could not travel, in ihe atUumn of the year 1840, around tlic 
shores of the Highlands of Scotland, without being couTinccd that the 
terrace upon terrace, presented on the sides of some of the great valleyi, 
and often high up on the sea-ward hills of the bays opening out to lite 
ocean, were nothing more than the bottoms of former seas and estuariM 
which had been successively desiccated. 

I coincide, therefore, entirely with Mr C. Darwin in hia very ingenious 
eiplanation of the probable formation of the parallel roads of Glen Roy 
(Phil. Trans., 1839, p. 39). Since then, that excellent observer has 
borne out similar views in a paper read before our owa Society. la this 
memoir, estimating the different changes of the sea and land, and shew- 
ing to what extent the solid strata were depressed, whose relative histories 
he Ihiu reads off, he traces iJic sliingle beds from the edge of tbe sea, 
where they are in process of formation, to considerable heights inland ; and 
estimating how blocks were transported from the great Cordillera within, 
or not long before the period of existing sea shelb, be exploins the far- 
transported boulders bj their being carried to the ports where they 
lie in vessels of ice. The melting of these icebergs he conceives to 
have been the chief agent in forming such masses of clay, gravel, and 
boulders, as constitute the "till" of Scotland ; whilst the confusion and 
contortion of their imperfect strata is considered by him to be necessarily 
due to the grounding of icebergs in the manner fbrmcrly suggested by Mr 
Lyell. To the same powerfully distuTbingagenthe attributes tbe general 
absence of organic remains in these deposits ; and, lastly, he infers that 
it is much more probable that the great boulders were transported in ice- 
betgt detached from glaciers on the coast, than imbedded in masses of 
ice produced by the fteezing of the sea. 

M, de Vcmenil and myself liad previously brought before you some 
new results, arising from our flrst expedition to Russia. -We endea- 
voured to shew the utter inapplicability of the Alpine glacial theory to 
vast regions of Northern Russia, though the surfaces of the rocks are 
scored and polished, and (ar-travelled blocks occur throughout a wide 
area in isolated groups, because much of this detritus has travelled over 
■ extensive trscts of low country, from which it has ascended to levels 
higher than 'tbe sources of its origin. Hence we inferred, that the on- 

* See Silui-lau 8v»l«iii. p- 836. 
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wud peniatent march Cin nura^ parti np-bill) of a bodf of ^laticM, !»«• 
iag A ftont <tf many handnd milei in extent, is ineconcileftble with any 
iitiaf^Dable subaertal actioD. On the othet band, it was proved, by llu 
pntence of sea shells of bd arctic eharacter, that tbe " tem flnna" (A 
whlob some of tlie blocks had been transported, had been the huA of tb« 
Northern or glacial Sea at the period of this tianspoit. We tlieii at- 
Mlnpted to espliun how the parallel striai and poIishiHg^ of the surfiwe of 
rocks of unequal altitude was reconcileable with tke tnbmartne action of 
Ice, by BDppDsiag that the ice floes and their detritus might be set in nto- 
tion by the elevation of the Scandinavian coAinent, and the consequent 
breaking' up of great glaciers on the northern shores of a sea which then 
covered all the flat regions of Russia ; and iVe further stated our belief, 
that the bottoms of these icebergs, extending to great depths, must hava 
ersry here and there stranded upon the highest and most uneven point* 
of the bottom of the sea into which they floated ; that where the bottom 
was hard rock, the lower sur&ce of the iceberg, like the lower sutface 
of a glacier, would grate along and score and polish tba subjacent mass i 
that where the bottom consisted of tenacious mud or (hty, the iceberg 
onCe fiiiilj stranded would be retained till it melted away, caiA«ly or in 
part, whilst it would be more frequently borne over sand-banks, OB M- 
Count of their less resistance. In this manner, we endeavoucecl to cK- 
plain not only die scratches and polish of hard submarine rocks, but also 
vhy large blocks ate often found on former submarine hills, and why (in 
Russia at least) such blocks are more frequently associated with Clay 
fhan sand. These views were indeed Hrst expressed at the Qlasgow 
meeting of the Britisli Association, when I strove to reduce a large por- 
tion of the Alpine glacial theory to considerations depending upon the 
fhat, that during the nm of the dispersion of the large blocks, by &( Out 
greater portion of our continents were hmtath the tea. 

Mr Maolaren, to whom I have already adverted, has recently improved 
this view, by shewing how the parallel scratches and grooves rangingfrott 
N.NW. to 8.SE., and the dispersion of blocks in that direction, ate re- 
ooncileable vrith the union of currents from the N., set in action, as above 
■upposed, by a great polar elevation which acted as a " centre of disper- 
rion ;" but, a« the author adds, a broad current would also set oontinuoUy 
MUdranf along the immersed rejpons included in the temperate sono ; 
and heneet h« says, that when the icebergs were drifting southwards 
from the poles, diey would naturally be carried to the SB. by a stream 
OompoutldaA «t the two ourrents. Aftet leasonmg upon the vide appU- 
«Rtion t« which th* view of floating icebeq^ action is capable, and bow 
many of our present mreiltlal appeanooes it will explaio, Mr Haoluen 
adds, " VLt Hurohlson's hypothMis, If adopted, does not exoluda that of 
Agutit. On the COBtiary, it may be assumed, that while the glacial 
«»ditiM (wUeh eauMd At fteat aeoaaiBltlrta «f Im ia the aoH&era 
T^[E61U) e6ntlli\»A, tvetj mAiutat& clutU, tfUeh Am h»d ta elevatiM 
of 2000 or 8000 ffeet aSeve the it*., would b» enenuted with ioe,.peThi¥s 
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ufcrMrathuthebtindeofM*. E«di of th««e would baon a null 
Kala wbat the polkr micleiu wu on % gmi ackle, « oentn of diip«i- 
•ten," 

Ib the memoir upon Rumla hj M. de Venmil and tny Mlf, ono obMt- 
vation, bovrerer, occnn, whieh has not found il« waj into the ftbatTict*, 
uid irhich, tberatbre, I may advert to, as espIainiDg whj the roogh da- 
UitoB of mud, sand, clay, and boulden lo very aeMom oontuna marine 
temuns. Such heapi aw made op at matciiali, which we coniider to 
have been imbedded in a trae teneatrial glacier, and thetefote, thoofh 
detached, and floated to a distaiice, they never coutd afibid more tbu 
ttmttrial detritus ; and if to this be added the coostderation of bow the 
■traoding of such mawei would destroy animali in the vicinity, a* nig- 
gested by Darwin, we may rationally conceive why so fow ahelli hnva 
been discovered in thia coarge detritna, whilat we readily peroave why 
the stones impactedinit should be acoredand striated, and often polished. 

Besides the great advancement of our knowledge of terrestrial magne- 
Usm, which at some fdtute day may be connected with out labours, the 
Antarctic expedition, under the diitiagnisbed navigator Ci^tain Jave* 
Ross, has, aj m^t have been expected, thrown conttideiable light upov 
the glacial theory. A fbw years only bate passed since the existence tt 
kn enormous mass of ice-clad land in the antarctic region, was aanonnced 
by an American BquBdron of geographical research. This great icy tiaet, 
whkh was described as exhibiting hills and valleys, and even rocks upon 
Its surface, has entirely disappeared in the short intervening time ; tn 
Captun Ross has sailed completely thmugh the parallels of latitude asd 
In the same longitude which It was said to oceapy. As we cannot mp- 
pose that Ae American MTigators were deorived by atmoepheiie phcAi^ 
nena, so must we believe that what they took (br solid land, was one ti 
the enormous accumulations of ice called "packs," the great eouree of 
those enormous ice island* which periodically eneombet tbe Southern 
Beas. 

Continubg his progress towards the South Pole in almost open tea. 
Captain J. Ross discovered, as he proudly says, "fat thehonouf of Eng- 
land," the southernmost known land, which he named Victoria, and whieh 
he coasted for more then 8 degrees of latitude. Thi« land rises m lofty 
mount^n peaks, ftam 9000 to 12,000 feet in height, perfectly cevei«d 
with eternnl snow, from which glacien descend, and project many mile* 
into the ocean, terminating in perpendicuhir lofty eliffs. The rook* which 
could be examined Were of igneous origin, and near the extreme south 
point of his exploration, or in S. lat, 77° 32', long. 107" E., a magniflceat 
volcano waa aeen in full action, emitting flame ud smoke at an altitude 
of 18,400 feet. Further progress to the southward was then impeded by 
an enormous barrier of ice, or glaciers ICOfeet high, which stretched bom 
W.NW. to E.S^E,, and which the bold seaman traeed-is eootinuity for 
Wltnllef, to long. E. Ifll* 23', and lat S. 78*. Tfa«t this iMnin wt« a 
tnie glacier was inferred from the existence of s very lofty cbun <rf.auiui|- 
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tteins bebind it, the tops of whicb, as seen from tlie naat-beadsj were esti- 
mated to be & degree of latitade to tlie south of the sea-hce of tUa great 
itbU of ice, at not mote tlian half a mile from which the Boundbgi were U. 
316 fathoms deep, sod upon a bed of bine eoftmnd. Here, then, the geo- 
liyist is presented with abundant matter fbrapecnladon. Volcanos in the 
midst of eternal polar snow and glaciers, with seaward laces as wide as 
some of the continental tmots, which, from the striK and polish on their 
BUt&ce, and the wide dispersion of blocbs and detritnSi are supposed to 
have been affected by former terrestrial glacial action. Whilst, however, 
we have here the proof that existing glaciers advance some few miles into 
the sea, we are also infbnned that the ice ceases suddenlj against an ocean 
2000 tbtl deep, and thus we are led to conclude that raanj glaciers, which 
maj* formerlj have extended themselves into the sea, had a length, the 
extent of which, whether like this antarctic example, or Ihoeo whicb 
have been measured in the Alps, was proportioned to the altitude of the 
ancient mountains against which they rested. By the same reasoning we 
may infer that the stnte and polish of rocks, or accumulation of coarse 
detritus, and large blocks which are only to be observed in places fiir 
beyond the limits that are now established between mountaios aad their 
dependent masses of ice, cannot be due lo the advance of former solid 
glaciers, but must rather be referred, as I have argued, to the floating 
away of vast packs and icebergs liberated from ctittrei qf eongelatien. 
. But besides the submarine operations now in action, and which may 
serve to explain most of our ancient phenomena, it has been shewn 
that in Russia and other cold ccimtrics there are several actual sub- 
aerial processes, by which large blocks are accumulated at different 
hrights by the expansion of the Lee of rivers, or have been piled up by 
the glaual action of fbrmer lakes, when at much higher levels,* leaving 
lines of coarse angular blocks. 

I desist, however, in this place from entering furrier into the many fea- 
tures under which the existing agency of ice may be viewed apart from-tlie 
results of the movements of glaciers. More than enougfi baa indeed 
already been said; for so long as the greater number of practical geo- 
li^ts of Europe are opposed to the wide extension of a terrestrial 
glacial theory, there can be little risk that such doctrine should take too 
deep a bold of the mind. But whilst we may have bo fear of this sort in 
Europe, I have lately read with regret certun passages in the Anniversary 
Discourse of Professor Hitchcock of the United States. In NorthAme- 
rica, striated, scored, and polished surfaces of rocks, proceeding from N. to 
S. for vast distances, occupy, it appears, at intervals o. breadtii of 2000 
miles, and arc seen on bard rocks at all levels from the sea-shore to heights 
of 3000 and 4000 feet. Professor Hitchcock tells. its, that these plicno- 
menB bnd the accumulations of giSTcl and blocks had always been in- 

• • G*olagl<xl ProcMiiiD;<!, Muirjhlson suil Be Vemenil un KunU, \<A. iii. 
p. 400; 

D,g,l,..cbyGOOg[C 



Mr Mm-chiBtm on the Glaeuil Theerg. -137 

explicable, until the woifc of Aganiz nnexpectedly tbrew a flood of liglit 
apon his mind.* If Pnifesaoi Hitchcock could demonitrate vhat he now 
BeemB to believe, that the great masi of the conUnent of North America 
was formerly covered nitli ice, he raiut first prove that it vas not at that 
period below the level of tlie sea ; but aa jet no EoctB are before us to 
lead UB to doubt that. the great accumulation of detritus and the trmig- 
port of blocks did take place beneath the waters in that country. In 
justice, however, to this author, it must be said, that in expounding thu 
gla4^1 tbeorf he ingenuously acknowledges the great difficulty of believ- 
ing that solid masses of ice 3000 to 4000 feet thick, covered the wlide 
r^ioD ; that no action of a glacier will eKplain the persiftent etrialion of 
the surface of an entire eonHncnt from N. to S. and that the direction 
of Uie boulders and the Gtrim is tn a great extent n|>-hiU. When these 
Rod many other difficulties shall have been carefully weighed, our trans- 
atlantic liiends may be disposed to modify their views, particularly when 
they find that the existence of glaciers in Scotland and Euglaud (I mean 
in the Alpine sense) is not yet, at all events, eBtablished to the satis- 
bction of what I believe to be by fer the greater number of British geo- 
logists. 

The presence of Mi Lyetl at diis time in North America, is indeed 
most opportune, for whatever changes his mind may Juve recently nn- 
depone, no geologist has more Btrenuously laboured to make himself 
■taster of all its bearings, or more systematically enlarged our knowledge 
'' ofthis disputed subject. Possessing a» be now does the advantage of 
obaerration on a vast scale, I have little doubt that he will account for 
the wide dispersion of blocks in America from N. to S., by referring t« a 
cause quite as general and quite as aqueous as that by which he origiually 
sought to explain the phenomena iu Europe.t 

Although the consideration of this subject has already carried me beyond 
the limits I bad prescribed to myself, yet T cannot quit it without re- 
minding you, that the greatest geological autborities on the Conttaent, 
led on by Von Buch who has so long studied tbeae phenomena in his 
native land, areopponents to the views of Agassiz. Even whilst I write, 
I find that H. de Beaumont has just communicated to the Institute of 
France, a report on the results of a journey through Lapland, Finland, 
and the north of Europe, by his countryman M. Dn rocher, in which, group- 



* Annlvenary Address. Pbiladelphia, April 1841, p. 34. I must be «i- 
enwd for stating that Professor Hitchcock bm entirely mleoonceived my view, 
when be places my name among tboee who had CEpoiued the Alpine ginciol theory. 
My efiinis have been Invariably directed towards ita limitation, nay, to its entire 
rfjectioD, aa applicable to be by fkr the largest portions of the earface of the 
globe. 

f See Principles of Geology, 2d edit. vol. i. p. 342 ; ojid Kiemenli of GtologT, 
let edit. p. 136. 
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id; tbe beta with gteei. perspicuitj, he handles the whole sutjeot wltt 
hii usual master's band, and points out the value of the previooi obaeN 
vadona of Von Bueh, BroD^inrt, and other writers. M. Dutocher con* 
ceives that the phenomenon of the transport of erratic matters haa pro- 
ceeded from two successive and distinct operations: thefirst a great cut- 
rent from the pole, to which the strite and poliafa of rocks, and the de* 
posits called Osars, are referred ; the second, the transport of the distant 
blocks bj vessels of ice, when all (bat part of Europe which they w^ 
was subjected to tbe immersion of an icj sea. He does not agree with 
M. BSbllingk, that the point of departure of the current can be placed In 
Lapland, but supposes it to have proceeded directljr athwart thom 
regions from tbe pole*. But tbe point to which I now etpeciallj ad- 
vert is, that in his skilful annlj-sis of this meHioir our eminent foreign as- 
sociate admits floating ice as a vera eattta to explain tbe drift of bloelcs, 
just in the same manner as in common with Ljell, Darwin, and otben, X 
have been endeavouring tocKphun tbe phenomenon during the last three 
years, and thus tbe inference which was drawn from plain fscts Is ad' 
mitted, viz. that the chief tracts covered by erratic blocks were under lh« 
tea at the period of their dispersion. (Sil. Syst. p. S36.) 

Thus far had I written, Gentlemen, — in short I had, as I thought, ex- 
hausted the glacial subject at all events for this year,— when two most 

* M. Dnrochir ha* made two valuable obMTvatiou, In ibtwii^ m tbat tb* 
«M«t*d and poUihed •utCw* of thi hard lodkM li toDXtimw covend b7 mcbhii^ 
IMtou«f undanddatntni; and that although procMding In a gensial wdm 
fVom tha north, th« furthest tranaportcd blocks ire h> diatribntcd as to indicata 
ndlallon Trom certaia iDiaeralogical centres, much Id the ume wa; as our blocks 
of Shap granite have, on a less Male, been scattered fVom one point of dlatrtbu- 
tton. In stating, however, that, in tbs progreaa of then tranipoTted iiianann tn 
the soath, granitic bloclcs alvajs constitute the oulermoat nna, it appears to na 
that M. Thirocher has generaliied be7ond the field of his own observation. I> 
Rotria, for exampU, M. de Vemeail and mjself traced graenstona blocks to tiw 
lame southerly latitudes a* graiiitH. The blacks between Joriavits and Nijny 
Novogorod are composed of quarts rock, and of the peculiar trappiwui bracela 
known in Rusiia as " Solomen>koi.kamen," the parent rocks of which we ex- 
amined m lilu near Petrazowodik (Geol. Procaedings, vol. iii. p. 40S), whilst tb* 
extreme boumlurf of these boulders extends to aarbataf on the Okka, S.W. of 
Kijnj Novogorod, and congequently very far beyond Koatroma, the limit assigned 
to them by M. Duroeher. Again, if M. Durocher prolongs the nartliem drift to 
the ftanks of the Ural Hountams, he is decidedly in error, for there is no coarse 
detritus whatever on the flanks of that chain, whether derived fh>m the north or 
horn itself. Of the Tcionui-Ztm, or black earth of the central regions of Ru>- 
lis, to which, quoting Baron A. de Meyendorf, M. de Beaumont refers in a long 
note, I will now only say, that having studied tha nature and extent of this dngu- 
lar depout over very wide regions, I intend, with the help of my f^ow-travel- 
Un H. de VemeuU and Count KtyMrling, to lay before tbs pabUo very durtly 
a skMeb of tte relations to the narthwn drift Mid other snpwUal deposlU of 
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iMportent doeumenta were pat into my bands. Tbe ffnt of thcae ti die 
4S»etnaae of my ptedeceaaor, who has so modified his Bist Tiows, tiMt I 
onnot but heartily can^ratulnte the Society on the reanlts at which 1)0 
has nowarrired. 1 rejoice in thoprudenceof my friend, who has not p«t- , 
mitted the arguments of the able advocate to appear as the sober jiid^ 
bent of so distiDgubbed a President of the Geological Society. In fitct, 
it is nonplain that Dt BuckUnd abandons, to a great extent, the theory of 
Agassii, and admits fully the efiiwts of water aa well as of ice, to account 
fit many of die long-dispnted phenomena. Whilst this admission involTes 
the concession for which we hare bees contending, tIz. that tbe great 
nrfaces of our continent were immernd, and not above the waters, when 
by far tbe greater number of the phenomena on the sur&ce of rocks 
was produced, 1 reject for those who entertain tbe same opinions as my 
Hlf| the simple division into " glacialisls" and " diluvialists," into which 
Dr Buokland has divided ibe combatants on this question; for to what- 
ever extent the former title has been won by Agaasiz and himself, wc who 
have contended for the submariDe action of ice in former times, analogous 
to that which we believe is going on at present, can never be merged 
wilh those who, under the name of diluvialists, have contended for tbe 
rush of mighty waves and waters over continents. Besides glacialUts 
and diluvialbts, ray friend must therefore permit me to call for a third 
cjaas, the designation of which I leave to him, in which some of lu deme 
tobeemvBedidMhaveadvDestedthi^BaiUfiedviev ta «^cli tlw gaw- 
ttl opinion it now tending. 

The other point to which I allude, and bearing at once on this vl«w, It 
a discovery which out Librarian has jnst made without quitting the apart- 
ments which he so truly odoma. In the American Journal of Science far 
the year 182B, Mr Lonsdale has detected a short, clear, and modest state- 
mcDt, entitled " Remarks on Boulders, by Peter Dobson," which, though 
little more than one pnge in length, contains the essence of the modified 
glacial theory at which we have arrived after so much debate. First de- 
■oribbg in a few lines tbe manner in which large boulders, weighing from 
ten cwt. to fifteen tons, were dug out in clay and gravel, when making 
the foundations for his own cotton factory Ot Vumon, and seeing that it 
. was not uncommon to find them worn, abraded, and scratched on the 
lower side, " ai if Ane (to uae bis own expression) by llieir having been 
dragged over roek* and gravelly earth in one tUady petition," he adds this 
most temarknbte sentence: — " I t&itUc we cannot account /or these appear' 
anee», unlesg me call in the aid of ieeai veil at water, and that they have 
been tiiom by being nupended and carried in ice over roekt and earth under 
water." To shew also that he had read much and thought deeply on 
this subject, Mr Dobson quotes British authorities to prove, that as ice< 
floes Gonstuitly carry hnge masses of stone, and deposit them at great 
distaaces from their original situation, so may they explain tbe transport- 
ation of foreign bAulden to onr continents. 



D,g,l,..cbyGOOglC 



140 Ml* BuclfRDAn's pescriptio» and V»ee of ProtraeHttg TaUe. 

Applogirjiig, Ihcrefore, for having detabed you long, and fotbavii^ 
pKviouslj too mucli extended a Bimilar mode of reaeoDing, I take leave 
of the glacial theOTf in congratulatipg American science in having pos' 
aessed tbe ori^nal author of the best glacial theory, though his name had 
escaped notice ; and in recommending to you the terse argument of Peter 
Dobaon, a previous acquaintance with which might have saved volumes 
of disputation on both sides of tbe Atlantic. 

In the mean time, however, we may account for the transport of bould- 
era, tbe stiiation and polish of rocks, and the accumulation of superficial 
detritus, wc cannot quit the glacial subject without avowing our obliga- 
tions to Venetz, Charpentjet, and Agassii, and above all to the last, for 
having brought the agency of ice more directly into consideration as a. 
vera catua, to explain many phenomena on the surface. Even we who 
differ from Agassiz in his generalizations, and have not examined the Alps 
since the theory was propounded, should not hastily adopt opinions whidi 
may. l)e modified after a study of the glaciers tn tita. " Come and see" 
is tlie tiold challenge of the Professor of Neuchiktcl to all vrho oppose htm, 
and sanguine as to the correctness of his opinions, he is certain that many 
will be converted if they would but observe the phenomena on which his 
views are based. Tnily we must acknowledge, that he was the first per- 
son who. roused out attention to the eflects produced by tbe bottom of an 
advancing glacier, and if geologists should eventually be led to believe, 
that certain parallel scratches and striic on the rocks were in some in- 
stances Aae to glaciers moving ocerlantf, but in many other cases were 
produ<ied by icebergs, we most remember tliat the fertile mind of Agasfiii 
has afforded us the chief means of experimentally solving the problem. 



Description and Uies of kia Protracting TalU. By George 
Buchanan, Esq.. F.R.S.E., F.R.S.S.A., Civil EngiDcer, 
Hdinburgh, with a Plate. Communicated by the Royal 
Scottish Society of Arta.* 

This instrument was formerly exhibited in the year 1827, 
and was then honoured with the approbation of the Society 
of Arts, and a medal awarded. Since that time it has been in 
constant use, and I have found it of the greatest service in 
numerous and extensive surveys which have been laid down 
by it. Having been lately requested by Mr Buddie, the dis- 
tinguished mining engineer in Newcastle, to superintend the 

* Head before the Bojal Scottish Society of Arts, Hth March 1842. 
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construction of a similar table for him, tliig has now been ac-' 
complished in a very superior style, having been commenced, 
and the principal parts formed, by the late Mr Dunn, optician 
here ; the irame-work and other parts of the table by Mr 
Sandeman, cabinet-maker; and the whole completed by Messrs 
Adie and Son, opticians, and with a degree of accuracy and 
perfect workmanship which is highly satisfactory. 

The principle of this machine consists in having the sheet 
or table on which the survey is to be laid down moveable 
round a centre, whereby it can be set to any required angle ; 
while the straight edge oi- ruler for drawing or laying down 
these angles remains in a fixed position as to the angles, but 
capable of having a parallel motion across or throughout the 
sheet. Hence the instrument consitjts of three essential 
parts. \st, The circular table or drawing-board on which the 
sheets for laying down the surveys are fixed. 2d, The pro- 
tractor or divided circle on which the degrees and minutes 
are accurately marked ; and, Zd, The parallel roler and straight 
edge by which the angles are drawn to any degree or minute, 
and from any point throughout the sheet on which these angles 
may have been taken during the survey. The whole apparatus 
of table, protractor, and parallel ruler, are set on aframe which 
can be elevated to any angle for the convenience of working. 
See perspective view. 

The hoard or table consists of a strong mahogany framed 
circular drawing board, 3 feet 1 inch in diameter, jths of 
an inch thick, calculated to receive a sheet of the common 
atlas drawing paper 33 inches by 26, which being fised down 
along the edges by paste or gum, is stretched out to a smooth 
and even surface. 

The protracting circle extends round the curcumference of 
the drawing board, and the great advantage of this arrange- 
ment is, that the degrees and minutes are formed on so lai^e 
a scale that they can be readily distinguished by the eye, and 
laid off with the greatest expedition as well as accuracy. In 
the original instrument, this circle was formed by a circular 
plate of brass laid along the circumference of the drawing 
board ; but in the present instrument, Mr Dunn has introduced 
an entire circle or wheel of brass extending from the centre 
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to tbe circumference, and the iiit«rinediate spaces conueetod 
by brass of opeo frame- work. See plui of tra.vaiag and brau 
wlieftl, Tbe exterior cirde bu be«D iwy accurately diTidsd 
by Mr Adie on bis dividing wgine into degrees and iialf de* 
grees, and these a^tn by a nonius into minutes, each oi wbidi 
is most easily distingukbable by tbe naked eye. The iostm- 
meot can be set by tbe hand very nearly to a nunnte ; but for 
greatn: accaracy, ih&ce is a tangent screw by ^idi tbis can 
be accomplished for very nice purposes, and which, by a 
simple and ingenious arrtragement, can be at onee attached or 
detached at pleasure, 

Tbe parallel ruler forms a peculiar feature in this in^u- 
ment In other methods of protracting, this is shifted aboat 
to different parts of the paper, and to difiierent angles, whn'eby 
it becomes difficult to preserve the paralMism with accuracy. 
In the present instrument, the ruler continues invuiably on 
oae parallel or mcridtan, while tbe various degrees of angular 
deriation from the meridian, as already stated, are produced 
by the rotation of tbe whole board round its centre, and tbe 
parallel ruler at the same time ranging vitb a parallel motitat 
over tbe whole extent of tbe board, the angles can in this 
xumn^ be transferred with readiness to any part <^ tbe plan. 
The ruler being tluis fixed in angnlw position, its parallelism 
can be preserved with great accuracy, and this is dose by 
means of a roller fixed in the centre f^ tbe frimie to which tbe 
strmght edge is attaxdied, with a toothed wheel fixed »t rigbt 
angles to the roller at each extr^nity ; these wheels raBniog 
in two hraas racks fixed in feamee at rig^t angles to tbe roller 
en each side of the board. These wheels and raelm being ac- 
curately divided and cut, we obtain a degree of parallelism is 
the instmment which is almost perEset, and whidi o»uM not 
be obtained so simply by any other means that I am aware of. 
So long as the wheels continue to traverse in the same teetl^ 
there can hardly be an error in the paralWism to the eKtent 
of many seconds. Now, tbe we%ht of tbe ruler preserves the 
wheels in the same teeth ; but should any accidental motion 
or concQBsion of tbe instrument drive them out of -tbelr true 
position, the error is soon intimated by a want of owrespoe- 
dence in the difiEereot aisles which form a diedi to <■» tnr 
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other, and then the error can at once be adjusted by a standard 
index on the frame by which the ruler is ' brought back to Its 
original poeiUon. Should the wheel start upon the rack only 
one tooth, it woald produce an error of only 5 minates on the 
cn^e. The weight of the ruler and wheels is balanced by two 
counter-weights. 

The great advantage of this instrument consists in the fa- 
cility and accuracy with which the namerous angles that occur 
in ezteosive surveys can be laid down. In many cases, I hare 
seen 50 or 60 angles taken from one station in a system of 
triangulation, all laid down in the course of a few minute*, 
'Mid the angles from different points meeting and intersecting 
one another with an exactness truly surprising, and almost 
rivalling the accuracy of a trigonometrical calculation. This 
instrument, therefore, must be of great use in laying down 
■urveys generally ; and more particulaily, all those surveys 
now so general which are carried on by a system of triangula- 
tion. la all extensive land surveys, I have long since intro- 
duced this system, and with great advantage, both as to ex- 
pedition and accuracy. In county surveys it is indispensable, 
and also in those surveys for marine engineering and hydro- 
graphical piu-poses, of which a very interesting account has 
just been given by my esteemed friend Mr D. Stevenson, in his 
recent work on marine surveying. But above all, I should 
think the me of this instrument would be invaluable in those 
exten^ve trigonometrical surveys of Britain which are now go- 
ing on under the Board of Ordnance. The great triangles in 
these surveys extending often to 60, 60, and even 100 miles be- 
tween the different points, must necessarily be calculated by tri- 
gonometry, and still require all the resources and refinements 
of that perfect science j but for all the subordinate stations, 
comprehending those whose distances do not exceed 6, 8, or 10 
miles, I am eatisSed that an instrument of this kind would 
prove of essential service in filling up the details and expedite 
ing the laborious operations of that great work. 

QsoKQi BroaRAK. 

£curacaaB,31«( Fc&nMry lUf. 
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General. Viem of the Gei^gictU Structure {,f the Alpf. By M. 
SiDsBK of Berae.* (With a Section.) 

Phyeiognomy of the Surface. — An old theory, very generally 
eeceived, and still much believed at the present time, because 
it rests on the authority of Ebel'a work, represents our Alps 
as composed of parallel chains, placed one above another, ac- 
-cording ta their heights, in ^uch a manner that the highest 
occupies the axis of the system, and, with the exception of 
some Colt, is covered, throughout its whole extent, with per.- 
;fetual snow. Some of the most frequented passes of the Alps 
ore, it is trae, of a nature to favour this view ; and the miitd, 
always more or less systematic, easily persuades itself that it 
ia the same water-shed which we pass from south to north, 
whether we cross the St Ciotlmrd, the Brenner, or the Tauem 
of the Tyrol We only require, however, to cast a glance over 
a map of Switzerland, in order to convince ourselves that the 
case is different in reality. In many instances a traveller 
woiUd be much puzzled if he were asked on what side of the 
central axis he was. I would instance as an example the Ma- 
liija in the upper Engadine, where, from the Maira, which 
flows into the Po, we arrive in a few minutes at the lake of 
Sils, whence escapes the Inn, without taking into account the 
-sonrce of a third stream, also near at hand, which runs into 
ihe lUiina- Here, therefore, we have the true water-shed of 
the Mediterranean and the North Sea ; and, nevertheless, the 
mountain mass which supplies these sources has nothing re- 
markable about it ; it has only a few patches of snow on its 
summit, whereas, to the south, rise the immense peaks of 
.the Bemina, covered with glaciers, and rivalling in height 
the loftiest elevations of the Bernese chain. A traveller pro- 
.caeding from the Grimsel to Viesch by the glacier of Oberaar, 

* This valuaUe gniniiiaiy of the geologj of the Alps is taken from the 
JliWothijue JJniverteUe tU Oeatve, No. "Jb, and owes iu origin to a lectun 
l^-vjea by M. Stader to. the party of naturalists swembled last snmmei at the 
Hospice of tha GrimBel. The essay is founded on the notes takeii at the 
time by H. E. Desor, but was revised by H. Stoder, who likewise fomiihad 
the explanatory section.— Eorroa. 
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M. Stiider on the Geological Strueture of the Alpt. 145 
that is to say, from the sources of the Aar to thoK of one of 
tlie tributaries of the Rhone, and on the following day croswitfj 
the Simplon in a comfortable carmge, would not fail to be- 
lieve that it was during bis first day> journey that he bad tia- 
Tersed the watershed, and bad passed the central ctuin. The 
same traTeller would form a very different opinion, if, in order 
to reach Italy, he had the first day crossed the Gemmi, and the 
second the Col of St Theodule. 

A profound study of the system of the Alps has caused M. 
Studer, and all the geologists who have examined the Alps with 
Gu*e, to abandon the idea of a central chain flanked by parallel 
secondary chains. According to M, Studer, the Alps are di- 
vided into groups, forming so many distinct central masses, 
which run, for the most part, in the same direction, but which 
frequently, in relation to one another, follow an oblique course, 
or are arranged like the squares of a chess-board arotmd a 
central axis, nearly similar to the difiFerent crater- cones be- 
longing to the same volcanic zone. The intermediate spaces 
between the central masses contain particular formations, 
whose stToctnre and mineraJogical nature are related to those 
of the principal masses ; it is in these formations that the most 
of the interior valleys of the Alps are hollowed, and it is to 
these that the greater number of the Cols correspond. The 
secondary formations, such as the limestones, the slates, and 
the sandstones, stretching along the northern edge, and partly 
along the southern edge of the high Alps, are intimately con- 
nected vrith the formatipQS proper to the interior valleys ; wit- 
ness, for example, the rocks of the valleys of Frutigen and of 
Gessenay, which continue without interruption into the Valais, 
stretching to the east, it)y the Nuffenen, as far as the southern 
side of the St Gothard, and to the south, by the Great St 
Bernard and the neighbouring rocks, into Piedmont In the 
same manner also, the limestones and the slates of Cotre and 
of Prettigau, extend to the south over the axis of the Alps, into 
the Upper Engadine, and as iar as Bormio, to unite themselves 
with the limestones of the Alps of Lombardy, after having 
traversed the whole Alpine system. 

In the present state of our knowledge, it is not possible to 
determine the limits of all the central masses of the system of 
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•l^ Af.'Stnder o» the Qeologicai Btriteture of (he Atpi. 
the Alps. We are able, however, to rece^rnlee six principal 
masses or groups in the portion wliioh is more immedutely in 
oar neighbourhood ; — 

1. The group of Mont Mane, stretching from ihe CW du 
Sonhomme to Salion in the Valais, and limited b; the valleys 
of Cfaamouny and of Entr^vea. 

2. Ths group of the ^iguiUet Bouges, situated more to ^e 
north, commencing near Servos, and termioatiug near I^avey, 
above the Dent de Morcles. 

3. The group of the Dent-Blanche, which rises from the bot- 
tom e^ the Val tfjinnivier, attains its culminatiBg point in 
the peak called the Dent Blanche, aad is prolonged obliquely 
through the middle of the valley of St Nicholas towards the 
Simplon. 

4. The group of Mont-Roaa, which lies to the east of the 
last, and stretches towards the southern portion of the Simp- 
Ion, and probably also into the Canton Tessiu. 

5. The group of St Golkar4, extending from the Upper 
Yalais to the vicinity of Trons in the valley of the Vorder 
Rhine on the nOTth, and bounded on the south by tiie vall&y 
of Airolo. 

' 6. Tht group of the Finsteraarkom, the largest of all, anil 
that which exercises the most preponderating inflneoce on the 
relief of the surface of Switzerland. The pass of the Gemmi 
and that of Kisten to the east of the Todi, may be regarded as 
its extreme limits. The Col of the Grimsel, from ImgnuMl 
to Obergestelen, ami the road of the St Gothard from Amsteg 
to Urseren, traverse it in its whole breadUL The vicinity of 
the group of -^t Gothard, and the distance of the other groups, 
produce the remarkaJsIe symmetry of tlie Swiss Alps to the 
east and west of the St Gothard. 

ilica-»lafe,gneig», granite, Sfc. — The gronps just enumerated 
are remarkable, not only on account of the immense glaciers 
which they feed, and whose study has acquired such intcrestfrtm) 
the labours of Charpentier and Agassiz, but also from the nature 
and structure, of their rocks. Their principal mass is com- 
posed of rocks formerly called primitive, viz. of mica-slate, of 
gneiss, of protogine, and of gneisdtio granite. The direction 
of the beds, wfai<^ are generally highly uiclined, is coaiwrn- 
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' able to the direction of tJie central dibsb. On the two sidet, 
the beda dip towards the central axis, and tiieir inclination 
becomes more considerable as we ascend the flanks, nntil 
thej ar« completely Tertical. The arrangement may be com- 
pared to a Am, open towards the sommit. The rock compos- 
ing the vertical beds is general!; a gneissitic granite, — ^that is 
to say, a rock so mncfa approaohing to true granite, tiiat we 
can only see the structure on the great scale, and when we 
examine it from a distance. In the inclined beds of the 
flanks, gneiss alternates with other rocks, and we have fre- 
qnently layers several thrasand feet thick. Sometimefl also 
the gneisaitic granite makes its appearance there as a snbor- 
dinate rock. In ascending the valley of Hasli, we see the 
beds of gneiss and of mica-slate, which form the walls of the 
valley, dipping to the south as far as above Outtanen, where 
they give place to a gneisntic granite whose strata ^adoi^y 
beoome vertical. Near to the Hospice, and at the sommit of 
the Col, Ute rock has completely the aspect of a true granite ; 
its beds are vertical ; and it is not nntil we descend towards 
Obe^estelen, that we see, though in an india^uct manner, 
the strata dipping to the north. This northern inclination- is 
observable in a more distinct manner at many points of the 
pass of the Fnrka, and in the Qalenstock, as seen from the 
sommit of the Col of the Grimeel. 

De Sanssnre, and, after him, Necker, have recognised this 
fan-shaped structure in the grotqt of Mont Blanc ; Escher de 
la Ijn^ sen., observed it in St Ootbard ; and, lastly, it is 
displayed in a striking manner in the beaotifdl sections which 
M. lardy has published of the rocks of St Gothard. 

jYy«eA, 4^c.~.The rocks which occupy the space between 
the differMit groups are pretty generally distinguished by 
their regularity. The prevfuling rock is the Flytck, that is 
to say, a grey or black slate, efiervescing wiih acids, often 
siliceous and passing into a dark-coloured sandstone, and of a 
loi^e slaty structure ; at other times very calcareous, and so 
much 00, as to deserve the name of calcareous slate. AU 
these varieties of flyach alternate with one another, and 8ome» 
times contain lat^ calcareous w dolomitic beds, which are 
firequeotly accompanied by masses of gypsum. In the GriKm* 
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tbey contain fuci, which seem identical with F. intricatm 
Brongn. ; also belemniteB, which it has not yet been possible 
to identify ; and rings of pentacrinites. The belemnites are 
pretty A-equent in the slates of the Nuffenen. M. Lardy pos- 
sesses an ammonite from the slates of Salrent, which is be- 
tween the group of Mont Blanc and that of the AiguMet 
Eougeg; and the same species occurs in the middle orcontJUne 
jura strata.. Impressions of ferns, which cannot be distin- 
guished from those of the coal, have been met with in slates 
and sandstones on the western side of the Dent de- Morcleg, 
on the Col de BcUme, in the Tarentaise, and in Danphiny ; and 
at several places in these districts beds of anthracite are regu- 
larly mined. 

When the central mountain masses or groups are far 
apart, as, for example, is the case in the Grisons and Valais, 
the flysch acquires an extraordinary development, and itself 
forms high chains and large mountain masses. It is sub- 
jected at the same time to marked transformations,, which 
seem to be intimately connected with the appeanmce of the 
serpentines, and which in many cases render the tnineralo- 
gical determination of the rock a matter of great difficulty. 
The colour of the slates and of the sandstones passes into 
green ,* talc and chlorite make their appearance ; the mass 
gradually passes into talc or chlorite slate ; the stratification 
disappears, and diorites and spilites present themselves, most 
frequently without its being possible to trace a limit between 
the green slates, the aphanistic rocks, the serpentine, and the 
gabbro ; and nevertheless we can easily assure ourselves on 
the road of St Semard, in the valley of Bagnes, and in most 
of the southern volleys of the Vatais.'as wellas in Oberhalb- 
stein in the Grisons, that thes green slates, so extensively 
distributed, cannot be separated from the ordinary grey flysch. 
Jt is to this formation of green slates that ih.e pierret oUairee 
belong, which are quarried at so many points in the Valais 
and in the Grisons. 

Wlien the central masses are very close to one another, as 
ia the case with those of the Finsteraarhom and the St Go- 
thard, the flysch is reduced to a narrow zone, and even disap- 
pears entbrely, or at least is only represented by snse detached 
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portions in the mica slate and gneiss. In tliis case the lime- 
stone is generally converted into white or coloured marble, 
or into dolomite, and the slates become shining and acquire 
all kinds of tints, jsuch as red, brown, green, Sec. 

It is difficult to define the relations which subsist between tlie 
flysch and the rocks of the central masses. Generally we see 
the flyscb and a greyish limestone rising from beneath the cen» 
trat masses, and thus forming the lowest portion visible of the 
Alpine system. Above the flysch there lie mica-slates or 
gneissitic quartzitcs, which often occupy an extent of several 
leagues ; and above them comes the true gneiss. The stratifi- 
cation, at first parallel to that of the flysch, gradually becomes 
inclined and then vertical, and finishes by acquiring a totally 
opposite inclination on the opposite side of the group, where 
t^in we find appearing, under the last crj'Stalline-slates, the 
marl-states 'and the ordinary grey limestones. Most frequently, 
however, the limit between the slates of the flysch and the 
mica-slates is so vague that it is impossible to say where the 
one series terminates and the other begins ; the flysch gene- 
rally becomes shining, it aesuines varied colours, and we per- 
ceive in its interior, masses of true mica-slate and quartzite;; 
we believe ourselves already surrounded on all sides by rocks 
belonging to the central masses, when suddenly the flysch and 
the calcareous slates make their appearance anew, and often 
it is only after having walked for whole hours amidst these 
alternations, that we are assured of having really entered the 
domain of the crystalline rocks. 

. Limeitone and Slate. — The state of matters is difierent at 
the contact of the central masses with the large deposits of 
limestone and slate which surround them on the north. The 
rock which tooches the secondary beds is generally not mica- 
state, but an imperfectly slaty quartzite, sometimes containing 
felspar, and whose stratification is distinct only towards the 
interior of the central mass, where it becomes transformed into 
a tme gneiss or into gneissitic granite ; its beds then become 
vertical, and even dip to the south. The sedimentary rocks 
are in discordant stratification with this quartzite ; they are 
inclined to the north, and their beds, which follow the exter- 
nal slope of -the gneiss, dip at font under very big^ angles ; 
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itfterwiu*ds losbg their incUnatioD, the^ become horizontal in 
proportion ai their distance increases from the ceotrHl mass ; 
and then they rise to the north, so that, in fact, they aseam« 
the form of a vast basin with a flat bottom. It results iKsas, 
the discordant stratification of the gneiss and the limestone, 
that these two rocks are generally separated by a valley, one 
of whose walls ascends towards the icy regions of the central 
mass, offering, by means of deep gorges, outlets for its gla- 
ciers and for its torrents, while the opposite wall presents the 
vertical precipices of the calcareous deposits. The extent of 
these valleys is very variable ; sometimes tbey are prolonged 
from the highest summits down to the inhabited districts, and 
down to the level of our lakes, following all the sinuosities of 
the central mass. Thus, therefore, if a traveller, following the 
northern limit of the group of the Finsteraarhorn, were to pro- 
eeed by the valley and the glacier of Lotsch towards the valley 
of Gastem, to traverse the glacier of Tschingel, in order to 
reach the bottom of the valley of Lauterbrunnec, to aseend 
the high valleys which separate the Jungfrau fr«m the Siiber- 
hwn and the M6nch from the Eiger, i^erwards to arrive at 
the f^'Dt and the lower glacier of Grindelwald, to mount the 
Col <P Urbaeh by the glacier of Rosenlaui, to descend the val- 
ley of the same name as far as Hoff, then to go up the valley 
of Gadmen, and aoross the glacier of Wenden, [ooceediiig 
along the southern slope of the Titlis, next to pass into the 
valley of the Beuss, and thence into the valley of Maderan, in 
order to arrive at the eastern limit of the central mass of the 
IHnsteraarhom, in the neighbourhood of the Todi, — such a 
traveller would have almost constantly oo his left band verti- 
cal walls of limestone, often several thousand feet in height, 
and on his right the central group, sometimes crowned by 
nevia and glaciers, sometimes covered with forests and pas- 
tures, and rarely presenting inaccessible escarpmoits. Behind 
this belt, which is developed round the central mass like tiie 
walls of a crater around a central' volcano, we frequently re- 
mark traces of a second and a third rampart, exhibiting tibe 
same inclination of the beds, that is to say, [Hvsenting its ver' 
tical walls to Uie central mass, and dipping is th« c^poeite 
directton. Thf escarpments of the Gemmi belong to such a w- 
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eondary rsmiHtrt, and the baths of Leuk are situated betir««a 
the two chains of sedimeatary nx^. At the flastern extremity 
of the group of Mont Blanc, front Saillon to Sion, we can 
reckon four or fire parallel chains of limestone and of llysch, 
all of which hare their escarpments turned towards the central 
mass, while tiiej present a gentler declivity to the east. 

We frequently sea appearing, at the base of the first lime- 
stone rampart, gneiss and quartsite, which rise sometimes to a 
very great height, as, for example, at Hoff, near Imgrund, at 
Gadmen, at Maderan, ke. and which plainly prove that the 
Origia of the valley is here more recant than the event, what- 
ever it may have been, which placed the calcareous beds in 
thmr present relations with the gneiss, and that, therefore, the 
formation of the valley cannot be attributed to a plutooic 
touUtetMnt of the gneiss, whioh would have caused the upper 
1imeat<Hie covering to disappear. The same phenomenon is 
more distinctly observable on the opposite side of the valley ; 
we there see c^careoiis masses of more than a thousand feet 
in thichness, covered by the same gneistdtiG qoartsite which 
serves as their base ; and, when we follow the transverse val- 
leys which penetrate into the central mass, we see the limestoae 
entangled in the gneiss, and forming wedgu of many leagues 
in extent (see the section, Plate I.). This is what takes place 
in the Mettenberg, and in a more striking manner in the Laub* 
stock and P^^nkopf, on the two sides of the entrance to the 
valley of Guttanen. It is evident that before the formation 
of the valley, these wedges of limestone communicated with 
the limestone of the other wall, and that they were then, at 
at present, surroonded by the gneiss. The old surface of the 
ground reaehed at that period a great elevation above the 
valleys of the present day, and these valleys, which in a great 
measure seem to owe their origin to subsidences, have crossed 
the gneiss and the limestone without changing the relative 
position of t^ese two rocks. It is sufficient to wibiess these 
phenomena in nature to be convinced of this. But further, 
the magnificent sections of the valley of the Rotthal, and ^f 
the Col d'Urbach, furnish us with the proof of this opinion ; 
for th«ret where the subsidence perhaps encountered difficul- 
tiM ia consequence of this eotangleuient of the limestooewid 
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tiie gneisa, we see in reality the wedges of limestone which 
penetrate the gneiss, adhering to and intXH^orated with the 
main mass of the limeatooe. 

The determination of the age of the sedimentary beds, si- 
tuated to the north of the Alps, presents great difficulties, but 
nevertheless these difficulties belong rather to the details tlian 
to the general featnras. We know that in Switzerland, at 
least, the most ancient sedimentary deports contain belem- 
nites, particular species of ammonites, and pcntacrinites, and 
that therefore they cannot he of more ancient date than the 
lias. We know, moreover, that the apper masses of our 
sedimentary masses belong to the chalk, and freqaently the 
limit between the cretaceous strata and the Jurassic formation 
can be traced with perfect certainty. 

Mixed Formation. — Immediately above the gneissitic quartz- 
ite we generally find a series of peculiar rocks, which we pro- 
pose to term the Mixed Formation {terrain mixfe}. The 
diickness of this series is frequently not greater than a few 
fathoms, but in other localities it amounts to several hundred 
and even several thousand feet. Amongst these beds we often 
meet with quartzites which it is very difficult to distinguish 
from the gneissitic qimrtzites, if indeed they are really dif< 
fra^nt; hut they have one peculiarity, that they dip to the 
nortii like all the other rocks of this formation. Dolomitio 
limestones, which are either compact or cellular, also occur, 
and these are identical witih the camieule {Rauehwacke) which 
accompanies onr gypsums, and have a yellowish tint passing 
into red and brown. Red argillaceous slates likewise present 
themselves, with which are associated argillaceous or talcose 
conglomerates. The latter sometimes constitute entire moun- 
tains. Finally, above these last we find red or blackish green 
ferruginous oolites, containing magnetic iron ora, iron glance, 
and pyrites. In general, this whole formation ia very ferru- 
ginous ; there are no conglomerates which do not contiun iron, 
and several spots are shewn where it was formerly attempted 
to carry on mining operations. The oolitic bed affords litany 
petrifactions, especially ammonites and belemnites. 

Limestone of the High Alps and Mack Slate. — A very thick 
and uniform limestone formation, the limestone of the high 
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Alps (Hoehgebii^akaik), reposes on tbe mixed formation ; it 
generally presents' enormous eacsipments turned towards the 
gneiss masses, and the large limestone wedges which are en- 
tangled in tbe mass of the gneiss are generally fcwmed of it. 
The beds of liniestone are distinctly separated, and the rock 
often passes almost into slate. Its colour varies from grey to 
black ; it is as friable as glass, and, with the exception of some 
belemnites, it contains no petrifactions. In the HasU valley, 
this limestone formation is covered by a thick series (^brilliant 
black ^tes, which, at Planplatten, above Meyringen, contain 
considerable deposits of red oxide of iron uid iron iu grains. 
In the vicinity of these fern^inons repositories, the slates fre- 
qnentiy include prominent nodules and ammoniteSt which evi- 
dently belong to difiFerent members of the oolitic formation, 
as, for example, at Erzeck, and near Unterheid, opposite Mey- 
ringen. Belemnites are of rarer occorrence. 

CAott Series. — The cretaceous formation encceeds these 
black slates, and when th^e are awanting, it follows the 
limestone of the high Alps. As in Southern Europe, this for- 
roatioa is distinguished by peculiar characters, and likewise 
by the extent and thickness of many of its subdivisions, which 
confer on it considerable importance in the composition of 
the catcareoos Alps. A fact worthy of attention is, that fre- 
qnentiy, and more particularly in the first limestone chain, 
the Alpine limestone is separated fi-om',the chalk by a series 
of rocks having the greatest analogy to the mixed formation 
of which we hare spoken, and consisting of beds of quartzite, 
of brilliant variegated slates, and of crystalline and dolomitic 
white limestones. This is observable on tbe Gemmi above 
Kandersteg, at the bottom of the valley of Lauterbrannen, on 
the Wengern-Alp, and on the Faulhom ; and perhaps we may 
include under the same head the beds of iron in grains, and 
the black slates of Planplatten. 

The arenaceous blade limestones, the quartzose sandstones, 
and the rough slates, which repose on the limestone chains 
that are nearest to the gneiss groups, and which form the 
largest portion of the mountains situated on the exterior of 
these latter, seem to belong to the most recent layers of tlio 
Alpine cretaceous formation. The most abundant fogsils there 
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are nammnlites, iind species of cerithium, ampullsm, oetrea, 
turbinolia, &o. Ammotiitea and belemnites are, hoverer, 
almost entirely awanting. The nomimilitio limestone fwmg 
the superior mass of the Dent de Moroles and of the Di*' 
blerets, and continaes along tlie northern nde of the cfaun 
which is crossed by the Cols of the Sanetsch, the Rawyl, and 
the Qemmi, as far as the upper part of the lake of Thoaoe. 
Some isolated nummulites are met with in the chain of 
Brienz ; and an accnmnlation of fossils similar to those of the 
Dtablerets occurs on the crest of the duun of Gbidmeo {Qad- 
menflue), of which the Titlis forms a part. Lastly, the nnm-* 
mulitic limestone is lai^Iy developed in the mountuns of 
Schwytz and of Glaris, and in the chain which separates the 
canton Glaris from the valley of the anterior Rhine. 

Alpine Macigno. — A deposit of grey slates, wfaieh iafreqaently 
very thick, extends in many places over the nammalittc lime- 
stone, and of itsrif forms separate masses, wfaudi are generally 
wooded or covered by pastures to the summit. In a mineralo- 
gical point of view, this rock does not differ in any respect from 
the true fiysch of the Alps, of the Valais, and of the Qmaat. 
The'oolyorganic remains it contains, are, moreover,fuci, similar 
to the Fttcttt intriealus of A. Brongniart, and we might cofi" 
seqnentty designate it under the name of flysch, in so &r is 
that term merely implies a petiographioal character. But t« 
admit that this slate, which reposes on the nummolitic lime- 
stone, is of the same i^ as the fiysoh which oocora between the 
central masses, would be opposing probabilities to too great aa 
extent. In order to avoid all confosv^i, and to pnjudge 
nothing, we shall call this rock Macigtto alpin, remarking at 
the same time, that we recc^ise it neither mineralogioally 
not geologically aa the analogue of the macigno of the Apen- 
nines. A deposttofthis slate or mac^o, having a breadfliof 
several leagues, extends behind the chain of Briens, along the 
western side of the Lake of Samen, tow»d» Alpnach, and 
occupies a- large portion of the Entlibuch and of Obwalden. 
Other deposits exist in the neighbourhood of Beckenried, and 
to the south of Einsiedeln. Lastly, ^is formation attains a 
lai^ development in the sonth of the canton of St Gall, and 
in the Prettig«a. 
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. In DO district, however, are the nnmmnlitio limestone Bod 
the macignos better developed than in the most northern 
chain of the limestone Alps, which, travereing the cantons of 
Apensell, of Schwytz, and of Unterwalden, afterwardi in- 
cludes Mont Pilate, the Sohratten, and the Hohgant. It is 
this same chain which is prolonged to Ae west of the lake of 
Thonne by the Gremmi, the Diablerets, and the Dent de 
Mwcles, beyond oar firontiers to the Bnet, and the mountain 
of Fis, so celebrated for its fbssib, and then across Saroy into 
Danphiny ; and in this prolongata<m, the inferiw beds of chalk 
can be more easily determined than in the interior of the 
Alps, where they are generally very deficient in ftwsils. 
- 8eet>enLimettone. — We find nnder the nummulitic limestone, 
and Bometiinee r^lacing it, a thick limestone formation, which 
has a character depending on the district, and forms the upper 
part of the chains. In the cantons of Appenzell and of Schwytz, 
M. Escher has given to this formation, which seems to be awant* 
ing in a portion of Switxerland, the name of Oolcmre de Seeven. 
It is for the most part compact, of a grey or red colour, desti- 
tute of organic remains, and contains thin undulating argil- 
laceous lamina. The lower part of this deposit generally 
forms those vast corroded and finntastically furrowed rocks, 
which in Switzerland are known tind«r the name of Katreit- 
ftlder, and in vdiieh we find numeroos o^anto remains, espe- 
cially dicerates, a particular species of hippurite (H. BlumeH- 
baeha), and some large gasteropoda allied to the tomatelUe. 
It is probable that this division corresponds with the ealcairs 
i hippuritea of the soatb of France. 

' GlaueoKits. — Below this limestone oecnrs the bed with inoce- 
rami, which frequently has a thickness of only a few fathoms, 
bit is remarkable for the quantity of fossils it contains, which 
fosailsare im the most part identical with the speciesof the Pert* 
du BMne and the glanconite of Ronen.* The rock is a black- 
ish siliceous limestone, filled with greenish grains, intimate^ 

* "ne mMt olunctatwUc of these foMile ate, IiiootnatBt mneentriait, 
P»tk, ; IiuKeramut tu^atui, Puk. ; AmvioniUi i»Jlatiu, Amwumila ntfrcru- 
tatut, Broi^., Bow, \ TurriUtet Btrgtri, BroBg. ; Trockut OvrgitU, Brong. . 
Trothui eirroidri, Btong>; Catiit AvcBana, and Uicradcr niinimut, Ag, — £ 
Dbwb. 
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mixed irith the mass, which presents at the surface a reddish 
tint, the result of oxidation. In the canton of AppenEell this 
bed is seen lying under tlie Seevea limestcoie. In central and 
eastern Switzerland traces of it have beep seen in several 
places ; but observers have not yet succeeded in following it 
in a constant manner ; it appears distinctly only.on the eastern 
frontier of Switzerland, on the nor^em fdde of the Buet, 
on the Col de Cou3(, whence it has been traceil without inter- 
ruption by Sixt, Fis, the Reposoir, &c., along the French Alps, 
aa far as the sea- The varied and numerous fossils it contains 
have caused geologists to single it out with preference from 
ail the. other members of the chalk series. 

Neocomian Formation. — The Alpine Neoc<Hnian forma- 
tion, or Calcaire d Spatangua (HoUuter or Toxaater) eom- 
pkmalua, makes its appearance under this glanconite at 
many points in central Switzerland, and immediately under 
the hippurite limestone, when the glaueonite is awanting, 
as, for example, in the Chain of Pilate and the Hobgant 
It generally has a considerable thickness. A grey lime- 
stone, filled with nerineee and pterocene forms it upper bed 
in the canton of Appenzell. For the most part, however, 
this division presents itself in the form of a thin-bedded black 
limestone, which is marly or sandy, and which includes the 
characteristic petrihctions <tf the marls of Neufchatel ; among 
others, Holasfer {Toxatter) complanatua, E^ogyra CotUoni, Os- 
trea earinata, Terebratula depreasa, Terebratuia biplieata, &c. 
It does not appear that any older beds of the chalk series 
exist either in the Alps or in tiie Jura. 

Tertiary Formations. — In central Switzerland the tertiary 
deposits abut directly against the external chains formed of 
the Alpine chalk, such as the chains of the Pilate, the Sentis, 
and the Ralligstocke. It is not thus to the west of the lake 
of Thoune. In the environs of Chambery, where the great 
valley of the Swiss molasse seems to open, we see a large 
branch of the Jura system separate itself from this last, fol- 
low the direction of the Alps as far as the lake of Thoune, 
and attach itself to the extreme Alpine cretaceous chain. By 
this junction the Alpine character becomes confoutided in the 
most striking manner with the Jurassic character. The.diffe- 
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rent diviraons of the lias, of the inferior oolite, of the coral- 
line and Portland oolite, are determined by their organic re- 
mains, and u% better separated than at any other point in the 
AlpB ; the upper Jura formation in particalar, which appears 
to be completely a stranger to the internal and oriental Alps, 
here attains a remarkable development, and forms several 
parallel chains. We remiu-k also in many of these chains a 
tefidency to become- arched, whereas in the Alpine chains the 
beds are only prolonged on one wde. The physiognomy of 
the valleys reminds us of the softer and more uniform charac- 
ter of the Jurassic valleys ; but nevertheless the forms are 
more abrupt, the chains are not only cut transversely by 
^K»et,* but they also contain numerous oblique ravines, which 
impart to these v^leys a more picturesque and more varied 
aspect. The limestone assumes the more the black tint of tho 
limestone of the Alps the nearer it approaches the central 
masses of the Alps properly so called. The molasse, which 
penetrates into all the large Jurassic valleys, is entirely awant^ 
ing in the Alpine Jura as well as in the Alps. This mixed 
character is exhibited still more distinctly in the cretaceous 
formation ; the nummulitie limestone, so largely developed in 
the Alps and in a large portion of Southern Europe, does not 
exist at all in the Alpine Jura. The Hippurite limestone, the 
bed containing Inocerami, and the Neocomian strata, do not 
penetrate into the Chablais, and are entirely strangers to the 
interior of the Swiss Alpine Jura (district of £n-haut, Ges- 
senay, and the Simmenthal). They are there replaced by the 
flysch, which attains a great development, occupying the bot- 
tom of the enlarged valleys, rising to a great height on the 
flank of the limestone chains, and forming even particular 
chains, whereas it is completely awanting in the Jura. The 
ch^n of the Niesen, the mountains of the Simmenthal, and 
the district of Gessenay, ere composed chiefly of flysch. The 
calcareous masses of these same valleys, such as the ToUr 
d' Ay and Mayen above Aigle, and the Comettes in Chablais, 
are ofthe upper Jura formation. The Stockhom and the Male- 

'* He geol(^;ist8 of the Jura gire the name of dwta to those cats which 
crosB A mountiuii chain from one side to tho other. When (he rent is limited 
toon^of the ttanhR, it is term«4nir;. — E. D. 
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son, the Dent dX)clie aod the Mole, belong to middle Jnca, 
and partly to the lower Jura fomwUoa. The middle Jura and 
the lias likewise appear ob the northern side of the Alpine 
maci^o chain, on the Ghunigel, at the Beira, on Mont Pleyan, 
and in the Voirone. 

In western Switzerland and in the Chabhus, the molaase is 
in contact with these arenaceous and oalcareoos chains of the 
Alpine macigno and the middle Jora ; and, as in the rest of 
Switzerland, it tonchee the cretaceous chain c^ limest<me 
containing spatangi and bippurites. Similar to this latt«r, 
the chain of Alpine macigno, tc^ther with the limestone 
masses (middle jura of the Stockhom), dips abruptly to the 
south and sonth-east towards the high Alps. But wherever an 
opportunity occurs of examining the junction of tlie tertiary 
formation with the secondary d^ONts, between Vevey and the 
valley of the Rhine^ we can assure ourselves that the molasse 
extends in ooDformable stratification under the latter, «o tb^ 
the more recent deports are here inferior to the more ancient^ 
or rather the two are in such proximity, that one would say 
that the masses of limestone and of macigno hare been violently 
pushed against the masses of the nralasse. This suppomtion 
may explain the singular relations of c<xitact where an iip- 
toroii^ cannot be admitted, for a iault without latwal pres- 
sure is not sufficient to account for them. 

The southern inclination of the tertiary deposits continues 
nearly to the distance of a league firom the external chain of 
the limestcme or nuKognt^ Tidiere it is r^fdaced by a northern 
inclination, which becomes more and more gentle the farther 
we remove from the Alps, until the stratification forms only 
a very acute angle with the horiaon. At the same time the 
relief o{ the country presents a series of terraces more and 
more soft in their outline, till ai last they pass into aa anda- 
lating plain, and the valleys of elevation are replaced by 
valleys of ero^n. In the immediate vicinity c£ the Alps the 
tertiary deposits rise to the height of 5000 rar 6000 feet and 
more, as in the Bseuchlen, tiie EntUbuch, tile Rigi, and the 
Speer ; but gradually hills of more than 900 feet become 
rarer, and begin to fix the attention ; still farther on it would 
be difficult to find, between the UetUberg near Zurich, and 
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tli4 Frieoisber^ near Aarberg, a Uiird hill of a greater heigbt 
tliao 1000 feet above the level of the plain. On the other 
haad, undulations and plaieaux of some hundred feet in height, 
and valleys of erosion of an equal depth, are the most frequent 
phenomena as f ar a£ die Jura range. 

Molaase. — The tertiary formation of Switzerland is essen- 
tially composed of a mariy sandstone, the mobute, whose hard- 
■neuB goes on diminishing from the Alps to the Jura. Imme- 
diately at the foot of the Alps it is an extremely compact san^ 
stone ; in the central part of the Swiss plain, it forms au ez* 
celleat building-stone ; and in the neighbourhood of the Jura 
mountains the entire mass is nothing but a loose sand. Near 
the lake of Geneva, and in the cantons of Aaigau and of Zurich, 
we find, in the lower beds of ihe molasse, deposits of lignite, &o- 
eompanied by a bituminous calcareous marl, which often con- 
tains a large number of fresh* water shells. The lignite itself 
and the molaase contain teeth and bones of land-animals, which 
are characteristic of the upper tertiary formation, and also re- 
mains, of palms. The upper part of the molasse is of marine 
origin ; and it may be said that the entire beds consist of ia- 
temal casts or delu^ of shells, more rarely of entire specimens 
of marine shells, of which the determinable ^>ecies are iden- 
tical with those of the sub^>eBnine hills.* 

Nagelfiue. — To the sandstone of the molasse we find fre- 
quently added, in the neighbourhood of the Alps, conglomerates 
of rounded pebbles, known under the name of w^elfiue or 
gemphoHtet. The subdivision, thickness, and even composi- 
tion of this rock are very variable. Where the cretaceous 
chains are in immediate contact with the molasse, as in eastern 
and central Switzerland, the nageUlne i^pears in much more 
coonderable masses, and over much larger spaces than in 



* NotnitliBtBoding this identity of fessilB, antbon have peraitited in lepa- 
-nting tha Swiss nolaaie from the inb^eiiBine fonifttioB, aiul In Identifyi^ 
it with tfae fomutioB of U Snpeiga, Bocdeaux, and Dax, whoio fosaUe dif- 
fer OB much from thoae of the molasee aa is possible In fonnationiB so nearly 
approaching each other. Whatever name may be giTea to these diflerent 
eubdiTiaiona of the upper tertiarj formation, I hope that the Swiss gM^o- 
-fista who occupy thenuMlvea with the atody of the poleoatolog}' ef the tan- 
luw will c«itkiiw to protMt igaiiiit thia bctitioas amagenenU 



D,g,l,..cbyGOOglC 



160 Mt Stnder on the Geological Structure of the Alpti 
wesUm Switzerland, at the foot of the Alpine Jara. The 
pebbles of which it is there composed, are, as in the Rigi and 
in eastern Switzerland, essentially limestones and sandstones, 
which correspond with the nearest rocks of the Alps ; never- 
theless there are also mixed with these, granites and odira 
rocks whose origin is unknown. 

In the nagelfiues of the canton of Berne, which form several 
chains of hills whose beds dip, sometimes to the soutii, some- 
times to the north, it is these rolled masses, foreig;n to the 
Alps, which predominate ; in the nagelflue of environs of 
Thonne, whose beds dip to the soath, we find, in particular, 
red porphyries and granites of all kinds, such as occur in the 
great porphyry chains. Similar rooks present themselves in 
the Black Forest, and at the southern base of the Alps. Near 
Thoune, another kind of pebbles is mixed with these rocks, and 
predominates especially in the nt^lfiue of the Belpberg, and 
of the Emmentbal, which is horizontal or has a northern in- 
elinatioQ. These are fragments of serpentine and gabbro, 
rocks which only exist in litu, so far as we know, in the south- 
ern part of the Grisons, also of compact serpentines contain- 
ing diallage, several other species of gabbro, granites, green 
porphyries, green or violet-coloured slates, and aphanitea. 
The Emmentbal likewise contains spiUtes or amygdaloidal 
rocks, and variolites. In a small district to the north of the 
Emmentbal, pebbles of quartz and the debris of a homblendic 
rock predominate. The sand brought down by the torrents 
of this district contains ^ains of gold with much magnetic 
iron, garnets, and other minerals. Where are we to seek for > 
the beds of porphyry, of serpentine, and of aoriferous horn- 
blende, which have fumidied those enormous quantities of 
rolled stones ? In what manner, and by what ^eut, have these 
pebbles been accumulated at the base of the Alps, in masses 
sufficiently large to appear considerable even in the vicinity 
of those elevated summits % These problems are still unsolved. 
To suppose that the pebbles have come from the interior of 
the earth, and that their considerable masses, produced daring 
the long period which corresponds to the last convulsions of 
the Alpine system, cover the beds whence they were derived, 
or that these very be<:)s are partly destroyed, is too arbitrary 
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a mode of gettiag rid of the difficulty, and yet it would not 
be easy in the present state of our knowledge to find a less 
daring solution. 

Diluvium and Erratic Mockt. — Tlie surface of the nudasse 
valleys and of the Swiss plain is covered by a bed of gravel 
and of sand which sometimes attains a thickness of more than 
100 leet ; this is the diluvium. In its nature, this deposit 
corresponds exactly with ihe deports brought down by the 
torrents of the Alps. The predominating rocks are lime- 
stones and Alpine sandstones, mixed with rolled masses of 
nagelftue. The pebbles are always rounded, but rarely at- 
tain the size of a man's head. It is in this diluvium, and even 
"deeper than it, that the present rivers have hollowed out their 
beds. The superimposed terraces indicate alternations of 
the epochs of repose and of activity. 

These lai^e mass^ of gravel are covered by a more recent 
diluvium, generally unstratified, containing large and small 
pebbles, which are both round and angular, and also blocks of 
several fathoms in diameter, imbedded in a sandy clay. The 
largest blocks are sometimes isolated, sometimes united in 
gronps ; the one series rounded and blunted, notwithstanding 
their large size, and the other more or less angular. This re- 
cent diluvium sometimes abuts gainst the molasse hills, and 
sometimes forms dykes or elongated hills irom 20 to 100 feet 
high, generally running parallel to the foot of the slopes or 
following a transverse course in the valley. The only differ- 
ence observable between the blocks of this recent diluvium 
and true erratic blocks, is that the latter are isolated and free, 
whereas the first are imbedded in the sand or the gravel. 
There is a striking resemblance between the dykes formed of 
transported materials and the descriptions given us of tlie 
Omri* of Sweden. Now, if the glacial theory, according to 
which some celebrated geologists believe that this phenomenon 
ought to be explained, be really, of all the hypotheses hitherto 
proposed, that which harmonizes the best with facts, the name 
theory, in my opinion, ought to be applicable to the pheno- 
menon presented by Sweden. 

* Obbtb, to which the attention of the gealogiate was first directed tw 
H. Alexander Brongniart, ate long tines of traneported materials liaviw 
theformof dylcea or bnnl(8 generally running N.N.B. and S.S.W.—E. D. i[^ 
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General Conclusions. 

It may be seen from what has been said, th.it we are stilt 
ftr fircnn being aeqnKiDted with all the phages of the history 
of the formatioQ of the Alpine system. Nay, it is probable 
that science is yet ignorant of the very principles upon which 
an explanation of the most charticterigtic features ought to be 
based. It is, therefore, not astonishing if the geologist who 
attempts to give a summary of the precise ideas acquired Irom 
the time of Saussm:e to the present day, should at every 
step be airaid of advancing too far, or of being forced to re- 
tract what be has asserted, owing to the insufficiency of his 
facts. After thirty-sbc years of travels and studies, the im- 
utCHTtal De Sauseure himself wished to have the power of re- 
commencing the examination of the Alps, aided by the ex- 
perieoce which he had acquired during a life devoted to this 
Butiject. Since then more than half a century has elapsed, and 
we still find ourselves embarrassed when we are asked for an 
abstract of the chief facts regarding the structure of the Alps. 

The documents which nature afi'ords us, do not reach be- 
yond the epo)^ of the lias. We possess no knowledge of the 
condition of the surface of the earth in the domain of the Alps 
at preceding epochs. 

During the period which elapsed between the deposition of 
^e lias and that of the last portions of the chalk strata, this 
portion of the surface of Europe does not appear to have been 
subjected to derangements in its relief. Everywhere the Uas 
series is arranged conformably with the macigno, and the 
whole mass forms a whole which it is almost impossible to 
divide. Nevertheless this series of jura-cretaceous deposits 
of the Alps and of all the south of Europe, differs consider- 
ably from that which corresponds with it in age in northern 
I£urope. One would say that they were sedimentary deposits 
farmed in different seas and under different conditions. 

The most important eventi which have modified the surface 
of Switzerland took place between the epoch of the deposition 
of the Alpine macigno and that of the molaese. We find the 
nummulitic limestone and the macigno on the summits of the 
mountains and in the bottoms of the valleys, while there exists 
iu such situations no trace of the molasse. The Alpine system 
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must therefore have emerged subsequently to the deposition of 
this latter formation. 

The agencies, doubtlesB of very long dnrfttion, which have 
operated on the Alpine Bedimeotar; formations, have modi- 
fied the original nature of the roclai, and tranriinined them 
either into magnesian rocks (dolomite, talc-slate, chlcHite- 
slate, and serpentine), or into micaceous and felspathic rocks 
(mica-slate, gneiss, and granite). 

These modifications were accompanied by an elevation of 
the surface and a general change of position of the beds. It 
is in the regions where the metamorphic agencies have ope- 
rated with the greatest energy, that the f(»mation took place 
of those enigmatical fan-shaped arrangements, and of those 
entanglements of felspathic, quartzose, and calcareous foseili- 
ferous rocks. 

The modifications as well as the breaking up of the surface 
have operated in various directions and at different epochs, 
the consoqumce of whit^ has been that the eztemai direction 
of the chains does not generally oorrespcmd with the directimi 
of the beds. There are not only longitudinal and transvera* 
valleys, but also longitudinal and transverse chains, diagonal 
valleys and di^onal chains. 

The chief directions in Switzerland are : 1. From'W.S.W. 
to E.N.E. (more exacUy from W. 23" S. to E. 23° N.). paral- 
lel to the principal direction of the Alps. Examples : the 
diain between the Diablerets and the Alt^ ; tlM great val- 
leys of the Valais and of the forder Rhine. 

2. From S.W. to N.E. (more exactly firom W. 37° S. to E. 
37° N.), parallel to the direction of the Alps of Savoy. Ex- 
amples : the central group of the Finsteraarhom and that of 
Saint-Gothard ; the upper Valais ; the kke of Biienz. 

3. Fr«n S.S.W. to N.N.E. (more exactly from W. 58° S. 
to E. 63° N.), parallel to the system of the Alps of PavqJiiay, 
Examples: The group ofMontBlanc; the Italian lakes; the de- 
pression between Briinig and Ktisanach ; the eastern chain of 
the Niesen. 

4. From S.S.E. to N.N.W. (more exactly from W. 60° N. 
to E. 60° S.), parallel to Monte-Viso according to M. EUe de 
Beaumont. It is the direction which prevfuls in the heds and 
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iiitermediate valleys between the northen part of the St Go- 
thard and the upper Engadine. 

■ Tie effects of the dislocatioDS produced in these directions 
and in many others, are limited to the zone of the Alps, and 
do not even reach their northem and southern limits ; never- 
theless, the formation of the valleys parallel to the Alps, and 
even of the Alpine valleys in general, appears to be more re- 
cent than the formation of the central masses and of the chains 
having inclmed beds, for they cut obliquely the axis of these 
soulevemenfs. 

At the end of this period of convulsion, we find the domain 
of the Alps, and the low plain which borders it on the north, 
elevated above the level of the sea ; but this plain was in a 
great measure covered with pools and marshes of fresh water, 
in which the terrestrial animals of the period were destroyed. 
Itwastlien that there commenced the deposition of themolasse, 
of that product of erosion and of the friction of the rocks 
against one another, on the northern edge of the Alps, At 
that period the northern side was probably flanked, as the 
southern is at the present day, by a belt of porphyritic and ser- 
pentinic rocks which have partly furnished the materials of the 
nagelflue and of the molasse, 

The formation of the upper deposits of the molasse is the re- 
sult of a new invasion of the Swiss plain by the sea ; but the 
organic remains of that period do not the less prove the exist- 
enceof lakes of fresh or brackish water at the side of the seashore. 
The accumulation of the debris of rocks on the northern edge 
of the Alps under the influence of a more violent action, and 
the dispersion of a fine sand over the whole plain, terminate 
the epoch of the nagelflue and of the molasse. 

A new dislocation of the Alpine surface took place between 
the formation of the molasse and of the ancient diluvium, a 
dislocation which appears to have been followed by the for- 
mation of many of the valleys of subsidence in the Alps. In 
consequence of this last soulevement, the secondary Alpine for- 
mations were pressed against the tertiary strata, and the latter, 
being elevated and broken up, acquired a more or less consider, 
able inclination. 

By placing this movement in connection with a general 
loalcvetneni of the Alpine system above the level of /tlu 
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we can partly explun the valleys of erosion of the molasse, 
which would thus be hollowed out by the retreat of the waters. 

A long period of repose uudoabtedli' followed this retiring 
of tb^water ; and during this time all the low regione of the mo- 
lasse were covered by the Alpine alluvial matters which ar« 
designated by the term ancient diluvium. The level of the 
ancient diluvium streams which, in many places, is about 200 
feet above the present level of the rivers, is in favour of a more 
elevated level of the lakes into whicli these rivers flowed. 
This period was terminated by the deposition of the recent 
jliluvtum, and the dispersion of the large erratic blocks. If 
we attribute this dispersion to the movement of the ice which 
transported the blocks and gravel that surround them to great 
distances, we must also admit that during all this period, neces- 
«arily of very long duration, the surface of Switzerland, and 
consequently that of a large portion of Europe, were subjected 
to a climate nearly such as is presented to us by Terra del 
Fuego or the Antarctic continent. 

At a still later period, intermittent movements of the surface 
produced the relative depression of the basins which receive 
our rivers, and the currents of water hollowed out their beds 
down to their present level, in the two diluviums and the mo- 



On the »trucfure of the Intettinal VUH in Man and certain of 
th« Mammalia, with tome obterrationt oa Digettion, and 
the Abiorption of Chyle. By John Goodsib, Esq., M.W. S. 
Surgeon, and Conservator of the Museum of the Roy. 
Coll. Sui^;eons, Edinburgh. Communicated by the Au- 
thor. 
Hr Cruiksbank, in treating of the orifices of the Lacteals 
and Lymphatics,* states that he and Dr Wimam Hunter ob- 
served the openings by which the lacteals communicated with 
the cavity of the gut in portions of the intestine of a woman 
who died after eating a hearty supper. The two preparations 
of the intestine on which these celebrated anatomists made 
their observations came into the possession of the College of 
Surgeons in Edinburgh, as part of the collection of the late 
Sir Charles Bell. Wlien employed lately in removing these 

* Williara Crnikshank. The Anatumy of the Absgibing VewaU of tlie 
Haniaa Bodj, 3d Ed. 1 790, page 56. 
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interesting specimene into freBh spirits, I arailed myself of th« 
opportunity of examining into the nature of the appearances 
described and figured by Mr Gruikshank.* 

I removed one of the villi from Mr Cmikshank's prepara- 
tion, t placed it between two glass plates, and had no difi&<- 
cnlty in recognising what had been described and figured by 
the original owner of the preparation. With a low power the 
extremity of the villus appeared bulbous and opaque. With 
a higher power I observed that this opacity was due to the 
existence, at the extremity of the villus, of a number of vesi- 
cles of different sizes. The larger vesicles were pretty uni- 
form in size, and about twenty in number. The smaller were 
of different sizes and more numerous, and appeared gradtially 
to pass into the granular looking tissue of the attached extre- 
mity of the villus. No blood-vessels coold be detected, but 
along the neck of the villus distinct traces of two or more opaque 
lacteals were visible. The vesicles and the lacteals, when 
viewed by transmitted light, were of a li^t brown colour ; but 
when examined as opaque objects, against a dark ground, they 
stood out of a dead white appearance, contrasting strongly 
with the semi-transparency of the surrounding tissue. Re- 
peated examinations of these preparations satisfied me that 
Dr William Hunter and Mr Cruikshank were quite cor- 
rect in describing and figuring radiating lacteals within the 
villi, but that they were led into error in describing those 
vessels as opening on the free surface of the gut, partly by 
imperfect instruments and methods of observation, partly by 
the general prejudice of the period in fevour of absorbent 
orifices. I also satisfied mj^elf of what appeared highly pro- 
bable from the commencement of the observations, that the 
villi, when turgid with chyle, were destitute of their ordinary 
epithelial covering. This circumstance 1 could not avoid con- 
necting with the fact of the stomach throwing off its epithelia 
during the process of digestion. I determined, therefore, to in- 
vestigate the process of absorption of chyle in ft-esh subjects, 
as the facts exhibited in Mr Cniikshank's preparations indi- 
cated the probable existence of complicated processes going 
on in villi during digestion. The analogy of the vesicular 
bulbous extremity of the villus, to the spongiole of the vege- 
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table, forced itself upon me ; nnd the existence of milky chyle, 
TTithin closed cells, led me to anticipate an explanation of some 
of the phenomena of digestion. 

A dog was fed with oatmea], milk, and butter. Three hours 
afterwards he was killed, and a cord thrown round the root of 
the mesentery. The lacteals became more turgid, and the gat, 
when opened, was found to be full of milky chyme, with an 
admixture of thin brownish fiuid of a bilious appearance. 
The milky matter was situated principally towards the mncous 
membrane ; the brown fluid occupied the cavity of the gut. 

The white matter was found to consist of a transparent fluid, 
with a few oil globules, and numerous epithelia. 

Some of the epithelia I recognised aa those which cover the 
villi. They were pointed at their attached extremities, flat at 
the other. (Fig.l,Pl. I.) Manyofthem were single, others were 
united in bimdies, adhering principally by their flat or free 
extremities, as if a flne membrane passed over and connected 
the edges of their extreme surfaces. (Fig, 2, PI. I.) Occasion- 
ally these epithelia presented a distinct nucleus ; but generally, 
and whether single or in bundles, they exhibited in their in- 
terior a group or mass of oil-like globules, which, when viewed 
as opaque objects, had a peculiar semi- opaque or opalescent ap- 
pearance*. (Fig. 3, PL I.) Othersof theepithelia, containedin 
the chyme, were prismatic, single, or in columns. (Fig. 4, PI. I.) 
They were the lining epithelia of the follicles of Lieherkiihn, 
and presented the usual nuclei. 

The mucous membrane dbplayed the villi tnrgid a£ if in 
a state of erection, and, as I had anticipated, naked or des- 
titute of epithelia, except at their bases where a few still 
adhered. Each villus was covered by a very fine smooth 
membrane, which from its fr%e bulbous extremity, passed on 
to its sides, and became continuous with what I have else- 
where denominated the primary membrane (Trans. Roy. Soc. 
Ed. 1842) of the follicles of Lieberkuhn. (Fig. 8, PI. 1.) These 
villi when removed from the mucous membrane, and examined 
with \ inch magnifier, were semi-transparent, except at their 
free or bulbous extremities, which appeared both by direct or 

* Ib this appeftrnnM due lu n partial nbsurptioii of chyle hf these pn>- 
tectdva ainthelia 1 
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transmitted light white and opaque ; under higher powerG they 
exhibited appearances represented in fig. 6, PI. 1. The summit 
of the villufi, somewhat flattened, was crowded immediatelyun- 
der the membrane before mentioned, with a number of perfectly 
spherical vesicles. These vesicles varied in size from 1000 to 
less than 2000 of an inch. The matter in their interior had 
an opalescent milky appearance. Towards the body of the 
villus on the edges of the vesicular mass, minute granular or 
oily particles were situated in great numbers, and gradually 
passed into the granular texture of the substance of the villus. 

The trunks of two lacteals could be easily traced up the 
centre of the villus, and as they approached the vesicular mass 
they subdivided and looped. In no instance could one of these 
lacteals be traced to any of the spherical vesicles, nor could 
any direct communication between the structures be detected. 
The bloodvessels and capillaries, with their columns of tawny 
blood disks, could be seen passing in radiating lines and in 
loops across the villus, immediately under the fine membrane 
already mentioned. This membrane, perceptible on the body 
and neck of the villus only by the smooth surface it presented, 
was most distinctly traced at the free extremity of tlie villus, 
as it passed from the surface of one vesicle on to that of ano- 
ther. Thevesiclespushingthe membrane forward, and grouped 
together in masses on its attached surface, gave the extremity 
of the villus the appearance of a mulberry. When viewed on 
a dark ground as an opaque object, the point du-ected to the 
light, a villus in this condition is remarkably beautiful, the 
play of the light on the surface of the highly refractive semi- 
opaque and opalescent vesicles, ^ving them the appearance 
of a group of pearls. 

In villi turgid with cbyle, which have been kept for some 
time in spirits, the contents of the vesicles are opaque, the al- 
bumen having become coagulated. 

The villi of the rabbit exhibit similar vesicles during di- 
gestion, and I am at present engaged in preparing drawingii 
an J descriptions of these formations in the different classes of 
the animal kingdont. 

To understand the. part which the vesicles of the villus play 
in digestion, it is necessary to be aware of certain of the func- 
tions of the cell, with which physiologists are yetunacquaiaied. 
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Not only are these bodies the germs of all the tissaes, as de- 
termined by the hibours of Schleiden and Schwann, but as I 
have observed, they are the immediate agents of secretion. 
(Trans. Roy. Soc. Edin. 1842.) A primitive cell absorbs from 
the liquor sanguinis wliich surrounds it, and which is supplied 
by the capillaries, the matters necessary to enable it to form, 
in one set of instances, nerve, muscle, bone, if nutrition be 
its function ; milk, bile, urine, in another set of instances, 
if secretion be the duty as»gned to it The only difference 
between the two functions being, that in the first, the celt dis- 
solves nd disappears among the tissues, after having per- 
formed its part ; in the other, it dissolves, disappears, and throws 
out its contents on a free surface. Now, it will be perceived 
that befwe a cell can perform its function as a nutritive cell, 
or as a secreting cell, it most have acted as an absorbing cell.* 
This abson'tion, too, must necessarily be of a peculiar and 
spedfic nature. It is in virtue of it, that the nutritive cell 

* " AbcorptioD," eafa PnrfeMor Hiiller, Bale's Tramlation, p, 301, " aeem* 
to depend on an attraction, the nature of which is at present unknown, "but 
of which Oio Tcrj connterpart, aa it were, takes place in setretion ; the ttuids 
altered by (be secreting action being impelled towards the free snrfoce only 
of the 'secreting memlnnei, and then pressed onwards by the sncceAsire 
pMtiwa of fluid BQCteted. In muiyotgiuu, for instance in those invested 
with mucous merobcanes — absorption by Ibe lyntpbatica and secretion by 
the secreting otganB, are going on at the same time on the same surface." 
It appears, however, from what I have stated in the present paper, and in 
Trans. Roy, 66c. Bdin. 1842, tbst Prof. Milller, and indeed all the physiolo- 
gists hitherto have been in error in supposing the forces of secretion and ab- 
sorption M of different and opposite t«ndencies, — the one attractive, the other 
repnlsive. They are both attractive, absorption being but the first stage in 
the process of secretion. Secretion, in fact, diners from absorption, not phy- 
siologically, but n»irphol<^pMlly. 

Whst has been stated in the Resent paper ezpladns also how, in the mu- 
cons membranes, " absorption by lymphatics and secretion by secreting or- 
gans are going on at the same time on the same surface." (Hiiller, lot. til.) 
There is no physiolt^ca! mystery in this. It depends on a morphological 
circumstance. The absorbing cbyle cells are on the attached surface of tbe 
IHimary membrane — tbe secreting epithelia are on its free surface ; the for- 
mer ore interstitial celts, tbe latter peripheral ; the former cast their 'con- 
tents into the substance of the organism,— the latter into the snrrounding 
medium. It may be here observed that absorption, as itoccurs in the chyle 
vessels, takes place as in the absorption which occurs in all the secreting 
cells, through two structureless membranes, probably molecular in their run- 
BtKntion — tiikprimary membrane and the membrane of the cell^. , 

LnOO^^IC 
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selects and absorbe from the liqaor BangainiB those parts of 
the l&tter necessary for building up the pecaliar ti^ne of 
which the cell is the germ , It is in virtue of this peculiar f<^ce 
that the secreting cell not only selects and absorbs, bat also 
in some instances elaborates, from the same common material, 
the particular secretion of which it is the immediate organ. 
And it is by the same force that the celt becomes the im- 
mediate agent of absorption in certain morbid processes. 

The primitive cell, then, is primarily an organ of specific 
absorption, and secondarily of nutrition, growth, and secre- 
tion. 

With these few introductory ohserrations on snbjects which 
1 shall consider more at length on another occasion, I may 
proceed to apply the laws of structure and function of the cell 
to the structure and function of the intestinal villi. 

As the chyme begins to pass along the small intestine, an 
increased quantity of blood circulates in the capillaries of the 
got. In consequence of this increased flow of blood, or from 
some other cause with which I am not yet acquainted, the in- 
ternal surface of the gut throws off its epithelium, which is 
intermixed with the chyme in the cavity of the gut. The 
cast off epithelium is of two kinds, — that which covers the vil- 
li, and which, fi-om the duty it performs, may be denominated 
the proleclive epithelium, and that which lines the follicles, 
and is endowed with secreting functions. The same action, 
then, which, in removing the epithelia from the villi, prepares 
the latter for their peculiar function of absorption, throws out 
the secreting epithelia from the follicles, and thus conduces 
.towards the performance of the function of these follicles. 

The villi, being now tni^d with blood, erected, and naked, 
are covered or coated by the whitish-grey matter already de- 
scribed. This matter consists of chyme which has undergone 
the changes induced in it by the bile, of cast off epithelia of 
the villi, and of the secretiug epithelia of the follicles. The 
ftnction of the villi now commences. The minute vesicles 
which are interspersed among the terminal loops of the lacteals 
of the villus (fig. 6, PI. I.), increase in size by drawing materials 
froiA the liquor sanguines, through the coats of the capillaries, 
which ramify at this spot in great abuadance. While this in- 
crease in' their capacity is in progress, the growii^ v 
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are continually ezertiog their absorbing function, and draw 
into their cavities that portion of the chyme in the gnt ne- 
cessary to supply materials for the chyle. When the vesi- 
cles respectively attain in succession their specific size, they 
burst or dissolve, their contents being cast into the tissue of 
the villas, as in the case of any other species of interstitial cell. 

The looped network of lacteals, like the other l)-tnphatics, 
continually exerting their peculiar iunction, take up the re- 
mains, and the conteote of the dissolved chyle cells, as well as 
■the other matters which have already subserved the nutri- 
tion of the villus. As long as the cavity of the gut contauib 
chyme, the vesicles of the terminal extremity of the villi con- 
tinue to develope, to absorb chyle, and to burst, and their re- 
miuns and contents to be removed by the interstitial absorb- 
ent action of the lacteals. 

When the gut contuns no more chyme, the flow of blood to 
the mucous membrane diminishes, the development of new 
vesicles ceases, the lacteals empty themselves, and the villi 
become flaccid. 

The function of the villi now ceases till they are again 
roused into action by another flow of chyme along the gut. 

During the intervals of absorptioD, it becomes necessary to 
protect the delicate villi from the matters contained in the 
bowel. They had thrown ofF their protective epithelium 
when required to perform their fiinctions, just as the stomach 
bad done to aflbrd gastric juice, and the intestinal follicles to 
supply tbeir peculiar secretions. In the intervals of digestion, 
the epithelium is rapidly reproduced. Repeated examina- 
tions have induced me to believe that this reproduction is ac- 
complished io the following manner. 

That peculiar diaphanous membrane which I have denomi- 
nated (Trans. Roy. Soc. Ed., 1842) the primary membrane, 
and which, as I have stated, not only forms the o-ater mem- 
brane of the follicles, under the epithelia, but also the under- 
lying membrane of the villi, contains in its substances nuclei 
of an oval form, situated at pretty regular distances. These 
nuclei have a dark spot in the centre, and are always visible 
when the epithelium is removed. The membrane consists of 
flattened cells, tiie nuclei of which continue active. Blood 
inrntiiB, Aenfare, do not exist in this membrane, but' ra 
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beneath it, its in glands. Serong membranes have a similtu: 
constitution. 

These nuclei I have elsewhere shewn to be germinal spots 
or centres of reproduction and growth in the secreting glands 
(Joe. cit.). More extended observation has convinced me that 
they are the centres from which all epithelium, whether se- 
creting or protective, is formed. The process is similar to 
that described by Reiehart and Dr M. Barry, as taking place 
in the ovum. Cells form in the centre of the spot These cells 
increasing in size, and having other cells in their interior, 
pass off in a radiating direction in the plane of the primary mem- 
brane, and gradually assuming the form and properties of the 
epithelium of the region, till they meet and form a continu- 
ous layer of nucleated particles which cover the primary 
membrane, from whose nuclei they sprung. These nuclei still 
remain as sources of future crops of epithelia. 

During this process of development, the primary membrane 
would appear to split into two laminte, the epithelia pass- 
ing out from its nuclei between these. This would account 
for the epithelia, particularly the prismatic and couical, adher- 
ing by their free estremitiea. 

Such are the processes which would appear to take place in 
the villi of the intestinal tube during digestion and absorption. 
When considered in relation to the functions of digestion and 
absorption of chyle, these processes are highly interesting. 

The labours of the chemist have now so far simplified the 
theory of digestion, as to deprive the stomach of their vital- 
izing or organizing powers so long ascribed to it 

Every step in this cheoiico-physiological inquiry leads to 
the conclusion that the changes which the food undergoes 
while in the cavity of the gut are euthrely of a chemical na- 
ture. 

If we continue, then, to apply the term digestion to that 
series of processes by which the aliment is assimilated to the 
matter of which the body is composed, we must divide the se- 
ries into two groups^ The first group will include all tliose 
changes which take place within the digestive tube, but ex- 
terior to the otganism. The second will include those ivhich 
present themselves after the alimentary matter is taken up into 
the animal body, and becomes buried in its substance. Tli« 
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first groap of processes are mechanical and chemical in their 
nstnre. They may be considered in a great measure as pe- 
culiar to the animal, although even Tegetablea throw out from 
their roots matter which, acting on some of the materials of 
the surrounding soil, prepare these for absorption. 

The second group of processes is common to animals and 
vegetables. In these, for ths first time, are alimentary sub- 
stances taken into the tissues of the organism. In animals, 
as in plants, as I have already pointed out, these alimentary 
substances are drawn by a peculiar force into the interior of 
cells, after escaping from which they are taken up by the ab- 
sorbent system. The chemist has not yet informed us of the 
change which the matter has undergone during its passage 
from the cavity of the gut, or from the soil, into the afferent 
lacteals and the sap-vessels ; but if in vegetables, as in animak, 
this matter passes through the coats and is lodged in the ca- 
vities of the cells of the spongiole before it passes on to the 
sap-vessels, tben'it is highly probable that the organizing and 
vitalizing part of the function of digestion commences in the 
cells of the spongiole and of the extremity of the villus. 

The extremity of the fibril of the root of a plant elongates 
by the cells added to its tissue by the germinating spongiole. 
The spongiole is, therefore, an active organ of growth as well 
as of absorption. It is to the fibril of the root what I have 
denominated in the animal tissuesthegerminal spot. Iconceive 
it to be probable, therefore, although as to this 1 have made no 
observations, that absorption by, and elongation of, the fibril of 
the root vary inversely as one another. This supposition is 
founded on the assumption that the cells of the spongiole do 
not absorb by transmission but by growth and solution. 

. In the villi of the intestines of animals my own observa- 
tions lead me to believe that absorption by growth and solu- 
tion is the process which actually takes place. 

The vesicular extremity, like the spongiole of the root fibril, 
is the primitive germinal spot of the villus. The villus origi- 
nates in a cell, one of those which form the last deposit irom 
the substance of the yelk. Duriiig the development of the 
villus, this spot or cell was employed only in procuring mate- 
rials for the growth of the organ. In the perfect animal 
the formative fiinetion of the spot ceases ; its action Itecomep 
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periodical, Kctive during digestion, at restduringthe intervals of 
that process. The same fanction is performed, the tame forc« 
is in action, andtheBameoE^aD.tliecell, is provided for absorp- 
tion of alimentarymatters in the embryo, and in the adnit, in the 
plant, and in the animal The spongioles of the root, the vesicles 
of the villus, the last layer of cells on the internal membrane 
of the included yeik, w the cells which cover the vaaa lutea of 
the dependent yelk, and as 1 have satisfied myself, the cells which 
cover the tufts of the plaoenta, are the parts of the organism 
in which the alimentary matters first form a part of that or- 
ganism, and' undergo the first steps of the organizing process. 

Explanation of the Plate. 

Fig. 1. ProtectiTe epilhelium cells from a villus in tUe dog. 

Fig. S. A group of the Bsme celU adhering b; their dietat extremities. 

Fig. 8. FroteetlTe epithelium csUa, cast off preparator; to ahaoiption of 
chj'le ; instead of ouclei, the; pTesent, in tlieir interior, groi^ 
of globules. 

Fig. 4. Secreting cella thrown out of the follicles of Leiberkuhn during 
digest! m. 

Fig^ 6, Extremity af ■ villaa immediotalj befoce absorption of cbj'le has 
conuneac«d. It has cast off its protective epitheiiuni, and dis- 
plays, whan compressed, a net-work of peripbeiaJ lacteals. The 
granular germs of the absorbing veiicles, as yet undeveloped, are 
seen under its primary membrane. 

Fig. 9. Extremity of a villus, with its absorbent vesicles dlsl«Mded with 
chyle, and the tmnks of its lacteals seen through its coats. 

Fig. 7- Diagram of mucous membrane of jejunam when absorption is not 
going on. a Protective epithelium of a villus. Secreting epi- 
thelinm of a follicle, e c c Primary membrane, with its germinal 
^ots or nuclei, dd. « Qerma of absoiiieDt Teeicles. / VeMvla, 
and lacteals of villus. 

Fig. a. Diagram of mucous membrane during digestion and absorption of 
chyle, a Avillus, turgid, erect; its protective epitheliaoastofffrom 
its free extremity \ its absorbent Tesicles, its lacteals, and blood- . 
vossbIb tuigid. b A follicle discharging its secreting einlhelia. 

On a New Genua, and on Six New Species of Crustacea, with 
Odservations on the development of the £33, and on the 
metamorphoaee of Caligus, Carcinut, and Paguru». By 
HsNftY D. S. GooDstR, Esq., Surgeon, Anstruther. Com- 
municated by the Author. 

SECTION I- 

Oii a new Genus, with degeripti(m» of Three New Species'of StaaMpodOf 
The first species beiougs to the genus Cyn^tia of Thomata. 
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A single specimen was obtained in the Frith of Forth, near 
Anstrnther ; it was found in sballow water, together with fi 
number of otber Schizopoda, and, as far as I am aware, is th^ 
first instance of a species of this genus got ODthe British coastS' 

GENUS CYNTHIA, fig. 1., pi. II. 

Snbabdominal fins compoacd of two joints, four last fins with the i«rmE- 
nal plamo double, willi an opaque, bifiircate, and oonTolute organ 
lairing between each. 

.C> Flemingii. — Inferior antennal scale ahnost tnice aa long as the pe- 
duncle. A thick fHnge of strong htuis bordering its inner edge. lioS' 
trum alendet and finely pointed. Volute organ between the plumose 
se\a) of the subabdomlnal fins minute ; edges of the middle plate of the 
tul apincd. 
Long, eight lines. Hah. Frith of Forth, 

Deteriptiott, — The whole body of an opaque straw colour, with the reti- 
culated portions of the eyes black. Superior sntennn with the pe- 
duncle threc-jointedj the two setaceous portions ariring from the second 
joint of the peduncle, the last joint orate, surrounded with a thick 
fnnge of hairsj these hairs ore bent downwards at their extremities, so 
as to fonn a concavity on the lower surface. The peduncle is about 
twice the length of the eyes. The peduncle of the inferior antennto 
extends to the origin of the setaceous portion of the superior itntennss, 
the two last joints arc slender and clavutt.'. A long slender and 
pointed scale arises from the first joint of the peduncle, above [be se- 
taceous portion ; this is twice as long as the peduncle, and is thickly 
liinged with long hairs, which are directed inwardly so as to meet 
those of the opposite side. The carapace is not very large, curved at 
its posterior edge, and produced at its posterior and inferior angle. 

Abdomen slender, the inferior edge of each segment considerably pro- 
duced, and all of them but (he last bearing a fin composed of two 
joints; the first joint is seale-like clavate; the second is multiarticu- 
lato and plumose, all of them but the first pair double. The bifur- 
cate convolute organ between the double plumes is very minute. 
JUiddle plate of the tail edged with apices on its sides, and entire at 
the extremity. External caudal-fins twice as long as the middle plate, 
and curved upwards, the internal one about the same length as the 
middle plate, and pointed. 

The bifurcate and convolute organ between the double plumes 
(^ the four lastsubabdominalfins.together with the number of 
joints in these fins, seem to be the most striking characters of 
this genus. Mr Thompson, in the third memoir of hie Zoolo- 
gical Researches, says, " It is not in the number of joints alone, 
however, that they (subabdominal fins) diiFer, flieir tbrm and 
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structure is also essentially different. In Cynthia the four last 
of these membere are each composed of a very large bilobate 
scale, supporting at its apex two taper articulate fins, strongly 
ciliated with plumose sette ; from between these originates an 
opaque organ which bifurcates, its two extremes of unequal 
length being rolled inwards, the one over the other." Mr Ed- 
wards considers that these last are the branchial apparatus. 

The two animals which are presently to be descnbed, pre- 
sent chu'aeters of such a nature as to require the formation of 
a new genus for their reception. This will constitute a con- 
necting link between the true Opossum Shrimp and the genus 
Cynthia of Thompson. The subabdominal fins of the genus 
Mysis, ore composed of one short joint, bearing a plumose 
fringe. The subabdominal fins of the two animals under con- 
sideration are of a mixed character, the two first and the fifth 
are like those of Mysis, the third and fourth are like those of 
the Cynthia in so far, that the plnmes are double, while at the 
same time these two fins are triarticulate. Thus approaching 
to the genus Noctiluca of Thompson. 

Genus Themiato. 
Generic Charaetert, — Superior antenna, ajmed with a scale. First, se- 
cond, and fiftb segments of the abdomen beating fins like the Mysis ; 
tfaitd and fourth with the peduncles, biarticulate, and eacti peduncle 
^TiDf off two branches; the est«nial branch of the fourth veTj- long: 
and slender, semi articulated. 

F^. *., pi. 11. 
T. Zon^pmora.— Superior antennal scale of the same len^b, as the tei- 
IDinal joint of its peduncle, armed at its exttemit; with a thick tuft of 
b^ts. Inferior antennal scale twice as long as its peduncle ; fringe 
not strong. Third Bubabdoninal fin, with its internal branch, minute. 
Internal branch of the fourth, with a few long hairs f^m the extremity 
only. External branch reaching to the extremity of the caudal fins. 
Internal caudal fin truncated. 

Lotig, J of an inch. — H(A., Frith of Forth. 

DaeHption. — The whole body of a dark- yellowish or greenish colour. 
Eyes large, reaching to the extremity of the peduncle of the iDferior 
antennn. The reticulated portion black, and produced backwards in- 
feriorly. Bostrum very short, but sharply pointed. First jomt of the 
peduncle of the inferior antcDme very strong, the two following slen- 
der; the setaceous portion of the antennte arising from the extremity 
of the la^t. The scale arises from the inner and .(iiperior nart of tl^ 
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first joint of Uie peduncle ; it is honllj- (vice the length of the pedun- 
cle, fileader, and tapering Tcry gradually to the extremity ; it ia ratli«r 
thinly fringed. The upper surface of the peduncles of the superior an- 
tenna hollowed out, forming a bed for the eyes. A short ovate scale 
arises from the inferior part of the last joint, immediately below tlie 
origins of the setaceous portions of the antennee. A thick bunch of 
matted hair arises from its extremity, vrliich gives it the appearance of 
being bi articulated. The inferior edge of the external seta of the su- 
perior antenniB bears a thin fringe of very strong hairs, which are 
thickest and strongert near the base. Tlie carapace is not large, leav- 
ing two of the thoracic segments exposed posteriorly ; it is rounded ot 
its anterior and inferior angle, and considerably produced at its inferior 
and posterior angle. A strong biarticulatc and chelate palpus arises 
from each side of the moutb. The abdomen is slender, but the seg- 
ments are not produced inferlorly. The bninchinl subabdominal fins 
are five in number ; they arise from the inferior and posterior angle of 
all the abdominal segments except the last. The first, second, and 
fifth are like those in the genus mytU, viz., a single plumose joint ; the 
third and fourth are pedunculated — the peduncles being composed of 
two joints. The first joint is minuttj the second is of considerable 
length ; two branches arise from the extremity of the second joint ; 
these branches, in the third fin, are both plumose ; in the fourth one, 
the internal only is plumose. The external brancli of the fourth con- 
sists of a very long sis-jointed spine, which reaches beyond the extre- 
■ mity of the caudal fins ; it is very finely pointed ; the internal branch 
about the same as the first joint of (he external branch. The caudal 
plate is slightly swollen near the base; its edges are serrated, and its 
extremity bifurcated ; the bottom of the fork being rounded, and the 
extremitieB of the fork also blunted and rounded. The internal caudal 
fins are truncated at their extremities ; (he external are paddle -shaped, 
and rounded at their extremities. Both of these fins are fringed at 
their extremities, and inferior edges with long hairr. 

Fig. 9. PI. II. 
T. Brevi (pfnOM. — Superior antenual scale not so long as the peduncle ; 
inferior antennul scale four or five times as long as the peduncle. In- 
ternal branch of the third subabdominal fin minule ; the internal 
branch of the fourth longer th.in the first joint of the external branch ; 
the external branch extending a little beyond the base of the caudal 
fins, ending by means of a dart-like point. The lateral caudal fin 
ending in a sharp point superiorly, and rounded inferiorly ; the inter- 
nal fin oblong, ovate, and pointed. The lateral edges of the middle 
plate bearing a single row of long, sharp, and bent spines ; contracted 
near the base and tlie bottom of the fork, fonning an acute angle ; 
prongs pointed. 

YOt. XXXIEI. KO. LXV.— »PLT 1842f B. 
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Long., 1 inch. — Hah., Frith of Forth. 
Dttertptien. — The whole body mote robust than that of the lost deicribed 
■peueS] and of an opaque white colour, with a nnglo row of black 
■pots UoDgr the dorsal mesial line of the abdominal avgtaenit. The 
flnt jtunt of the peduncle of the in&tior autenns very ghort and almost 
circvilic ; the two following are sleader. The scale which arisee &obi 
the mperior part of the fiist joint above the true antennae is very strong 
at the base, and then tapers gradually to a line point. A fringe of long 
hairs h<»dets its inferior edge. These hairs are matted at the exiremitj 
Eoas to give then the appearance of ssecond joiut ; two or three short 
stTOBg spines arise from the estiemity of the scale. The third joint of 
the peduncle of the superior anteuneB is coosiderably produced at its 
supenor angle. The scale which arises bcueatb the setaceous portions 
is strong, bent upwards at its extremity, and pointed, bat it is not 
fringed. The eyes are large ; the reticulated portion circular. The 
rnstrum is of couaiderable length, but it is not sharp. The iotemal 
branch of the third subabdominnl fin is minute ; the eiterual obc is 
long, slender. Mid finely poiat«d; it is also fringed with Tery long 
Inirs. The internal bmnch of the fourth fin is longer than the fint 
joint of Ae external branch ; and it is both more strongly fringed and 
more moveable than that of the last deecribed species. The external 
branch extends a little beyond the base of the caudal fins. The sixth, 
at last joint of this branch, suddenly contracts near the extremity to 
about half its original thickness, ending in a dart-like point. The ex- 
temat caudal fiiu end in a sharp point superiorly, and are rounded in- 
feiiody ; the internal fins are oblong, oval, and pointed at the extrem- 
ity. These are both fringed at their inferior edges and at their ex- 
tremities. Hie lateral edges of the middle plate armed with a single 
row of strong hooked spines. It is contracted near the base, and the 
angle formed by the bifurcation is very acute ; the extrenrities of the 
prongs are also sharp pointed and of a black colour. 

^ SKCTIOR W. ,-.■■ Mf't^.^ii.",? <^ 1'^. 
On th^ defetopement of the Ova, and on fhe metanorjihoeei of 

Caliyw. 
Tlie liu^va of Oaligu* bears a great resemblance in its ex- 
t^iial ^peartuioe to tike larva of p^cU)}}t on the cme liandi 
and that of Lemea on the other. 

As it is my intention to describe how tiie ovam escapee from 
the oviduct^ it will be necessary, to understand this properly, to 
give, in the first place, a ehaxt description of the organs of re- 
production in the femiile Caligut. 

These cmsist of the oTiiriee, ioteroaJ and external ovidaetR, 
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•Dd the valrft through which th* ondaets pau. The ovarin 
ire two OTal, cluh-ehaped bodies of considerable sise, sitoated 
OD 9vA, side, and rather anterior to the etomacb. They ara 
large and roanded anteriorlf ; noall, pointed, and eoDTerging 
posteriorly. Each oviduct arises from the ext«rna1 margin of 
^e ovary. It may be divided ioto three parts, the thoracic, 
abdominal, and external. The first, or thoracic portion, ia 
very slender ; at the posterior part of the thorax, however, it 
becomes considerably thicker ; and, in the abdomen, where it 
makes four or five convolutions, it is at its greatest diameter ; 
it is considerably contracted as it passes out by the vulva. 
The external portion is all of the same diameter ; and, when' 
arrived at a state of maturity, it is sometimes longer than the 
body of the animal. Bat the length altogether depends on 
the apecies. 

The thoracic p<Htion ia ooloorless ; and there a number of 
email defined objects are seen in it at regular intervals. When 
it reaches the abdomen thefie bodies are found to be the im- 
mature ova ; at this point it is of a delicate carmine coloor, 
and has a striated appearance, from the eggs being placed 
(Jose together. 

The external oviducts, a short time after the ova have es- 
caped, drop off, and new ones soon begin to moke their ap- 
pearance. At first the point only ifi seen jutting oat from the 
vttlva, they then gradually increase until they arive at a state 
of maturity. 

I have not ascertained the length of time which is required 
before they attain their full growth. Seeing, however, that 
the distal extremity of the external oviduct is thus first pro- 
truded, it may be apprehended that the ova contained in that 
part of the oviduct are first ready for exclusion, and this ac- 
cordingly we find to be the case. 

The internal structure of the external part of the oviduct, 
consists of a number of cells placed in a single row, and of 
the same diameter as the duct ; these cells are formed by a 
number of strong membranous septa, placed at regular inter- 
vals. The membranous septa, which divide the oviducts in- 
to compartments, are of nee, in so far as frwn their strength 
diey prevent the ovum escaping utto the empty part <rf Hoo 
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duct. TLey act m the following way ; — The ova, as they in- 
crease m Bize, cause a considerable degree of pressure on the 
membranoHs septa, and especially on the septum, separating 
the last OTum fom the empty part of the cell ; this by its 
lesistaace throws the pressure on the circumference of the 
cell, this being tiie weakest part, and the ovum at the same 
time extending longitudinally, the smaller end of the e^ is 
thrust through the coats of the duct, and thus becomes free- 
In each of the cells just mentioned, there is an egg. so that 
the oviduct consists of one row of eggs only. 

Thus, as the ova increase in size, the membranes of the 
oviducts become tense, and burst, and the ovum escapes, but 
still remains attached to the oviduct, by means of the ovisac, 
which acts as a cord ; the ovum remfUQing attached to the 
oviduct by this means, until the young animal is ready to 
burst from the egg, After the young animal lias escaped 
irom the ovum, it remans for a considerable time attacbe<l 
to, or near, the parent animal. The ova belonging to the 
dii^al half of the oviduct are generally Jreed from their at- 
tachment to the mother alt<^ether, before those in the proxi- 
mal half are ready for exclusion from the oviduct. They 
hurst, with very few exceptions, from the external edge of 
the oviduct ; and 1 have never seen them burst through tbe 
membranous septa. They are of a flat shape while in the 
oviduct, bearing considerable resemblance to a double con- 
vex lens ; after they have escaped from the oviduct, they 
become more spherical, and when placed under a powerful 
glass, the young animal is distinctly seen through the trana- 
parent membranes. The young animal at this stage is of a 
brown colour, with various streahs of purple ; the body is of 
a conical shape, and a constriction or neck s^arates it from 
the head. There is no appearance of antennir, but there are 
one pair of feet on each side of the body, which divide at 
their extremities into several long slender ^ines. 

When examined during this stage, under a powerful glass, 
by means of transmitted light, nothing is perceptible but cel- 
lular structure in different degrees of density. The intestinal 
canal is also perceptible. When Uie ovum is a little more 
atlvancedy there is sometimes, Blthougfa not always, the ap- 
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pearance of two small segments arising frmn the posterior 
part of the body. The Urya, a short time after being hatch- 
ed, becomes considerably elongated ; it has got three pair of 
legs, each bearing long spines at the extremity. The third 
pair vi&e making thoir appearance before the animal bad left 
the OTum. There are also two spines on each side of the 
body, at its posterior extremity. The difficulty of keeping 
these animals alive for any lengtli of time in confinement, 
lias prevented me tracing their further development. 

SECTION III. 

On Zoe — The development of the Ovum, and the ntetainorphota 
of Carointu Manai, and Pagurvt BemJtardue, 

The absence of a metamorphosis in the Crustacea, was con- 
sidered by Leach to be one of the most decisive characters of 
the class. This opinion, however, has been ovorturned by 
J. V. Thompson, who, by a series of observations, has dis- 
covered that the Crustacea do undergo a metamorphosis, and 
that what have hitherto been considered as perfect animals, 
viz. — ^the Zoe of authors, are only the larva of different spe- 
cies of Crustacea Decapoda. Mr Westwood again has assert- 
ed, that the Crustacea do not undergo any metamorphosis, 
bringing forward at the same time observations, the results of 
which were opposed to those of Mr Thompson. Being 
anxious to observe for myself, I obtained the different species 
of the higher Crustacea, common on the shores in this neigh- 
bourhood. When loaded with spawn, they were kept alive 
in vessels of salt water, and in every case I have found the 
ova to produce Zoe ; and even all the lower Crustacea which 
I have yet examined undergo a metamorphosis, although not 
so decided as that of the higher Crustacea. At present I 
shall describe the Zoe of two of our most common species, 
viz.— Ciirc(«»» Meenas and Pagurus Bemhardut. 

When the l&rvee of the common crab are newly hatched, 
the body is destitute of spines, but, in a short time, both the , 
dorsal and frontal spines make their appearance (fig. 18, PI. Ill .) 
The eyes at this time are very large, the central or reticulat- 
ed portion black, with a beautiful shade of green. The fron- 
tal spine as long as the carapace, sharp and pointed. The 

Coot^lc 



182 Mr Henr; Goodsir ea a new Gemu, 

antennie arife immediately behind the base of tbis spine, tbty 
are biarticulate, with tbe peduncle large. The palpi aiite 
immediately bebiod, and the branchia are in visible and coa- 
Btant motion below tbe carapace at this spot. The legs u-e 
four in number, the first pair at this time composed of two 
parts, an external and an internal. Tbe external, like thoM 
of tbe Cancer Pagurus, are plumose, being armed at the ex- 
tremities with three or four strong plumose spines ; the in- 
ternal part arises from the extremity of tbe first joint ; it ii 
multiarticulate, and armed at the extremity with a claw; 
there is no appearance of tbis divinon on tbe last pair of legs. ' 
The abdomen is fire-jointed, the last joint arm«d with two 
long and curved spines, bearing a number of smaller spines on 
tbeir inner edge near the base. The intestinal canal is ob- 
served running along the lower edge of the abdomen, and the 
heart may be obserred at the base of the dorsal spine, beat- 
ing synchronously with the motions of the branchiae. If the 
young animal is freed from the tunics of tbe ovum a few days 
before hatching, its appearance is perfectly different (fig. Id, 
Pi. HI.) The antennae are long and slender. The eyes are 
small and sessile, and the caudal fork is armed with a num- 
ber of curious brush-shaped appendages. (Fig. 17. PI. III). 

The Zoe of the Pagurus (fig. 12. PI. III.) when it escapes 
from the egg, or a short time after, is perfectly transpare&t, 
the thoracic portion of the body is slightly opaque, and the 
eyes are black. Tbe abdomen, however, is perfectly translu- 
cent, and tbe observer requires to look very attentively before 
it can be defined. On being excluded from tbe egg, the 
young animal is doubled upon itself ; the abdominal portion 
of the body is bent closely under the thoracic portion, and it 
is kept in this position by means of a very thin sac or mem- 
brane. 

It very soon frees itself from this by a few violent effoi-ts, 
and then the antenme, the feet, and the abdomen, all become 
free and extended. The proximate half of tbe abdomen only 
is confined within the sac, the distal half is quite free. The 
Zoe of this species is destitute of spines, the spine on the dor- 
sum of tbe carapace and th* frontal spine being absent. 
As soon as the young animal frees itself of ^ sac before 
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nie&tioaed, th« thorax i^parenUy becomes laacb smaller ; 
tltia arises &om the contents of the sac escaping, and the tho- 
rax proper only being left. The head is separated from the 
body by means id a slight constriction. The eyes are very 
lai^, reticoUted, and black ; they are situated on the dorsum 
aqd anteriw part of the head, on two round tubercles (fig. 15, 
PI. IIL) there being a notch on the mesial line. These tu- 
bercles, 1 have DO doubt, form the ocular footstalks, when the 
animal baa come to maturity. The carapace is about twice 
the length of the head, its free or lower edge &U8 considera- 
bly down, concealing the origins of the legs ; at this part the 
thorax is quite transparent, the extreme edge being only of a 
red colour. Immediately below the eyes are the four anten- 
OK ; the inferior pair arise from the lower surface of the body, 
and the first articnlatiou, or what may be termed the pe- 
dunde, just reaches the anterior edge of the carapace; it then 
gives off two articulated setse, which are considerably longer, 
very transparent, and tap^r to exceedingly fine points. The 
superior antennie, which are also the innermost pair, are 
more robust, the peduncle is longer than that of the infe- 
rior one ; this pair of anteonse act much in the same way as 
the inferior, only the setse. arises from the superior edge of 
the peduncle. Four legs arise from the posterior part of the 
thoru ; they are bifid to the first like the antennee. The ab- 
domen is seven-jonted, about three times as long as the tho- 
rax, the last jtnnt spoon-shaped, the lower surface being con- 
cave. The posterior edge is armed with a single Muge of 
strong spines, ten in number ; it is notched in the centre. 
(Fig. 14, Plate II.) 

This discovery of a metamorphosis will enable us to decide 
with greater precision on the species of cmstacea, the larvs 
of these animals having specific distinctions as decided, doubt- 
less, as those of the insects. 

SECTION IV. 

On (Ae Structure artd Habits of the Capretke ; with detcrtptiona of 
some new SfeiAes. 

The genus Caprelia of Lamarck was separated by LittreiUe 
ftc/ta the Isopoda, with a number of other craetaceons animaU, 
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and formed into a dietinct order, viz. tlie Liemodipeda or Lie' 
mipoda. This order bas been further eubdivided into tvo 
families, viz, tbe Ltemodipoda Filtformia, and tlie Lamodipoda 
Ovalia. It is tbe first or Filiform Leemodipoda and tbe genus 
Caprella of this family which will engage our attention at 
present I bare bad considerable opportunities of examining 
the animals belonging to this genus in a living state, and by 
this means have been enabled to draw np a short account of 
their history. Little is at present known either of their inter- 
nal structure or habits. This is owing, in a great measure, 
to two causes ; firstly, to their pelagic habitat^ and, secondly, 
to tbe peculiar structure of their bodies, which much reeembleB 
in its external appearance the coralines which they inhabit, 
on whieb account they are apt to be overlooked. In general, 
too, they are almost colourless, although tfaey are very often 
found of various colours, carmine, green, brown, and all the 
intermediate hues. 

The body of tbe Caprelke, exclusive of the obsolete afado- 
mu), is composed of seven segments, bearing five pairs of am- 
bulatory legs ; the second and third thoracic segments, each 
bearing one pair of membranous finlets, which act, to a certain 
extent, as organs of respiration. There are two pairs of an- 
tenna, and the mechanism of the mouth* is rather complicated. 
Tbe digestive canal is a simple straight canal, which, during 
its course through tbe post occipital and first thoracic seg- 
ments is considerably dilated ; after this, however, it runs to 
tbe distal extremity of the body without farther complication. 
It is seen to pulsate at irregular intervals, and thb is obaened 
at that part only immediately above the ovarian openings ; tbe 
ovaries when present, are attached to the digestive canal at 
this point by cellular structure, and by this means they also 
are subject to this pulsation. Tbe vascular system in the 
caprellse is composed of two sets of vessels, tbe one arterial, 
the other venous. These are most easily observed in tbe an- 
tennte ; the main artery runs along the superior, and tbe vein 
along the inferior edge of the antenna ; lesser branches either 
spring fixjm or run into these main trunks. A large dorsal 
vessel is seen in the trunk ; but owing to the greater opacity 

* H. Edwaid'e Hist, dea Crust, vol. iH. p. 103. 
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of the body, I liave been unable to trace tfae anatomy of the 
blood-vessels fertber. On placing a live caprella onder tbe 
microscope, the blood is eeea circulating throi^h the vessels 
of Uie antenow in a most beautiful manner, passing from tbe 
body by means of the superior or arterial trunk, and return- 
ing again by means of the inferior or venous. The blood 
globules in these vessels are seen passing onwards steadily 
and continuonsly ; some of them are often lost to the field of 
the microscope, passing off probably by means of the smaller 
lateral branches. Sometimes it is oscillatory, that is to say, 
the globules are seen vibrating backwards and forwards, but 
this is only occasional, in general it is continuously onwards, 
frequently, however, they jerk suddenly forwards, but they 
subside as rapidly into their usutd course. The circulation 
does not seem to be guided by any apparent pulsation ; tlie 
gMnites are spherical, not very numerous, and are suspended 
in a colourless liquid. I have not been able as yet to detect 
any appearance of a nervous system. 

The organs of reproduction are extremely curious, and are 
complicated in the female. I am not acquainted with their 
peculiar organization in the male. 

. The ovaries (fig.2. PI. III.) are two long slender bodies which 
lie along each side ofthe intestinal canal. Each of them arises 
from the posterior part ofthe post-occipital segment ; during its 
coarse through the first thoracic segment it is thin and slender, 
but as it reaches the second it becomes considerably larger : 
and about the middle of this segment each of them gives off a 
small duct — the oviduct ; these meet one another in the mesial 
line by means of one common opening through the roof of the 
ovarian pouch ; another duct is given off in the same way at 
ihe second ovarian opening, and the ovaries then end at tbe 
posterior extremity of the fourth thoracic segment. The in- 
ternal structure of the ovaries is like those of the caligi ; they 
consist of a single row of cells, each of which contains an egg. 
The external organs of generation in the female are composed 
of a series of plates four in number, which, when enlarged, 
forms a floor to a corresponding cavity in tbe abdominal sur- 
face of the two middle ^oracic segments ; this forms tbe ovi- 
ferous sac or pouch. When tbe animal is with spawn, these 
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two thoracic segments become more intimately jmned together, 
that is to say, their common joint becomes a fixed suturef; tht 
two ovarian cavities also approximate on their lower siirfiKe% 
ajid become opposed to one another, thus allowing the ovarian 
■plains to overlap one another, and cover the eggs withoat be* 
coming inconveniently large. 

Theovarianplates(fig.3. F1.III.) aslhave stated formerly, are 
four in number ; they are of an irregular oval form, and are 
armed on their edges with a single row of strong booked BpinM > 
these seem to be of use in so far as to prevent the over-dis- 
tension of the plates by means of hooking into one another. 
The ova are not large, quite globular, and of an opaque yel- 
low colour. On one occasion, while examining a female 
CaprtUa under the microscope, I found that her body was 
thickly covered with young ones ; they were firmly attached 
to her by means of their posterior feet, and they were resting 
in an erect posture, waving about their long antennae with 
great activity- The CaprelUe, like all the lower Crustacea, 
cast their skins often. Before the process commences, the 
animal lies for a considerable time languid, and to all appear- 
ance dead ; at length a slight quivering takes place all over 
the body, attended in a short time with more violent exer- 
tions ; the skin then bursts behind the head in a transverM 
direction, and also down the medal line of the abdominal 
suriace ; a few more violent exertions then frees the body of 
its old covering. After this the animal remains for a consi- 
derable time in a languid state, and is quite tranqurent and 
colourless. 

The habits of the Caprellie, arising Irom the difficulty of 
keeping them alive for any' length of time, are little known. 
Tbey are in general local in their habitats, frequenting ooralines 
which are found in deep water. Tbey are never seen catch- 
ing prey ; slow and deliberate in their motions, they are not 
fitted for this mode of life. While at rest, they firmly adhere 
to the object by meaos of their posterior thoracic legs, gene- 
rally in an erect posture, waving about their long aatenne, 
by which means they bring within their reach animalcules and 
other objacta of food, which are then drawn into the month. 
Th^ usual mode of progrewion ia like that of the lams of 
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du Qmmattu mothi, as mentioned by Montagofl. They 
MfMtinkM wa3k in this way for a considerable time, and then 
eaddMiiy stop, remaining perfectly motionless, not even mov- 
ing their antennn. I hare never seen them swim, and even 
when pushed off their resting-place, they fall listiessly to the 
bott(»D of the vessel in which they are confined. 

Caprtlta. Lamarck. 
Omtrto AaneUn. — Bnnchial lamelln, tiro pain attuhed le the Mcond 
Mtd tliiid ufmaots, which are ^>odal.* 



Plate m. Kg. I. 

CvmOi lytaoM.— Obo fpine aiiaea from the donum of the headj anotbei 
ttata the poiteriot extrenutj of the post-occipital legment, othei two 
arise in the same transverse hoe on the dorsum of the swellings of the 
first thoracic HegmeDt, and a fifth ^m the posterior extremity of this 
segment. Superior antennn as long, or almost as long, as the bodf, 
last joint iQ'jltiarticolate. Sirelling on the first thoracic segment near 
the aiit«rii)T eitnmitf . Two spines on the lower edge of the laat Joint 
of the second pair of feet. Long, 1 inch ; hab.. Frith of Forth. 

DttcTiftion- — The whole bod7 of a pale white colour, with the exception 
of the eja, which are black. The dorsal tut&ces of the two first seg- 
Mants of the bod^ are armed with long sharp ourred spinea, which 
p^t ferwardi ; one ariaea from the vertex of the head, another ftom 
llie posteriori estiraiitf of the poat-oecipiial segment, other two arise 
in the same transrene line from die swdUng on the first thomcic seg- 
ment, and a fifth from the diatal extremity of the same segment Su- 
perior antennsB as long as the body ; first joint obsolete ; second and 
fenrtb as long as (he head and post-occipital segment conjoined ; third 
almost twice as long ; fifth miiltiarticnlate, and as long as all the others 
aonjohied ; it is compoaed of about 26 artioutations ; fourth articulation 
sli^lj' clavate. Inferior antemie a. little longer than the three first 
Joints of the superior antennw ; the two first jainta equal in length to 
the palpi, the third reaching a Uttle bejond the second joint of the 
superior pair, fourth and fifth reaching bejond the third, fifth triarticu- 
lale. 

Haul rounded considerably, produced inferiorly , ejes circttlor, block, 
and reticulated ; poit-oecipital segment twice as long as the bead ; Srs^ 
thoraeio segment with the swelling before the middle, and a spine point- 
ing forwards immediately above the origin of the second pair of legs ; 
{smoral Joint olarata, twice the length of the first thoracic segment; last 

• Dr/«)uM<»,BtbT^oritBg.Kat.Bl«(. p.W. 

D,g,l,..cbyGOOglC 



188 Mr Heur^ Gouduir on a New Genoa, 

joint oltloDg OTSte, ptoduced into a niiBll .blunt tooA at Us anterior 
edge ; lower edge atmed with two strong spine« ; the intenpooe anaed 
with n number of strong ipincB ; claw strong ; apodal thorsuosagmetita 
considerably lengthened, slightlj contracted posterioily , The origin 
of the branchial lanielln placed behind the middle of the segment. 
Posterior throacio segments nonpedionlated ; I^h long, bearing a &w 
bristle? ; infbrior edge of the last BrttcoJation of the last pair of l«gs 
armed near the base with a small tooth. 

This species differs from the Caprella Pha»ma of Colonel 
Montague in having fiye spines on the first thoracic s^pnent, 
and from the segments of the body being considerably longer. 
The third joint of the superior antennie is very much longer, 
and the first pair of feet are also minute and slender, differ- 
ing in 60 far from those of PAtunia, which are strong and 
povrerfal. The inferior edge of the last joint of the second 
pair of feet is also aimed with two strong spines, whereas in 
the Pkaama there is only one strong spine. 

Plate III. Fig. 6. 

2. CapnBa ltihemiliUa.~Body robust. Superior antenon almost reach- 
ing to the first finlet ; fburth joint about half the length of the third ; 
fifth joint composed of about thirteen articuladoas. A short spine on 
the summit of the bead doioat as long as the post- occipital aegmeut ; 
swelling of the first thoracic segment exactly in the middle; a short 
tubercle on the summit. Femoral joint of the same length as tlie 
depth of the segment; last joint oval. Four tubercles placed is a 
sqnare form on the dorsum of the fourth thoracic segment. A spmo 
on the last joint of all the three last legs. Long, f of an inch. Uab. 
Frith of Forth. 

Denription. — Whole body of an opaque yellow colour. All the jtnnts 
of the body bearing spines or tubercles on the dorsal surbce. Head 
nearly spherical, with a short sharp spine on Its vertez, ^most as long 
as the post-occipital segment. Eye small and sphericaL Superior 
antennee reaching to the middle of the second thoracic segment ; first 
joint obsolete ; second as long as the liead and post-occipital segment 
conjoined ; third longer ; fourth joint about half as long as the third ; 
fifth multiarticulate, moniliform, and composed of fourteen articula- 
tions armed with spines on their lower edge. Inferior antCnnEe reach- 
ing to the middle of the fifth joint of the superior antennn ; two first 
joints together equal in length to the half of the third, fourth, and fifth 
of the same length ; last Joint armed with a claw. Eyes small, black. 
Post- occipital segment a very little longer than the head, and bearing 
two blunt tubercles at each extremity. Kist thoneic segment twice 
as long, swelling very little, and situated in the middle ; a blunt diort 
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tubercle sunnountis its doraal mrfacc. The femotal joint is very short 
&nd robuBt^it is - ang^ular, that is to Bay; bearing three ridges ; last 
jtrint is U^ and oval, serrated on its inferior edge ; a la^e tubercle is 
HitUBted neat the bHsa ; the claw is short but powerful. The second 
and third thoracic segments are of the same length, second more slen- 
der: branchial lamellse are short, and arise considerably bebiiid the 
middle, and a blunt tubercle arises from the donum of the segment 
immediatelj above the origin of each. Fourth joint is rety rough — it 
is armed vrith a tubercle on its dorsal surface at its anterior edge ; 
another larger and flatter one imniediately below this on Its lateral 
surfoce, and fbur othn sharper ones placed in the figure of a square 
at its posterior part. The two following joints are pedicnlated, and 
bearing two sharp spines on each. All the joints of the posterior tho- 
racic l^s are powerfully clayate, which gives them a serrated appear- 
ance ; a short strong tooth arises from the inferior edge of the last 
joint near the base. 
This species b apt to be confounded with the Caprella 

acantkifera of Leach, but may be distinguished from it by the 

double fringe of spines on the lower edge of the inferior an- 

teante ; the superior antennte are also much shorter than thtrae 

of the acanthi/era. 

Body fbbb fsom Spines. 
Plate lU. Fig. 4. 

CapreSa kevtt. — Body without spines. Superior antcnnee not rcacbing 
the origin of the second pair of legs ; last joint composed of six arti- 

' eulatJons. Head almost triangular; post-occipital segment four times 
M long as the head. Swelling on the first thoracic segment near the 
posterior edge ; coxal joint targe produced. Length, one inch. 

Deseription, — The whole body is quite smooth, shining, and free of spines. 
The head is almost triangular. Eyes near tbe upper surface and very 
small. The superior antennte are very short and strong : third joint 
very strong, and as long as the two following : last joint composed of 
thirteen articulations. Inferior an tennee not so long: the two first joints 
very short : inferior edge of all the articulations armed with a strong 
fringe of double spines. Front pair of legs strong, and almost as long 
as tbe lower antenuEO. 

Post occipital segment slender, and four times as long as the head. First 
thoracic segment very long, slender at its anterior extremity, and with 
the swelling entirely situated at its posterior extremity. Second pair 
' of legs arises from tbe anterior part of the swellings : coxal joint large 
and produced : femoral joint considerably bent and slightly clavate : 
last joint oblong ovate and armed on its inferior edge with two spines, 
one near, or rather at the middle, which is smallest, and the other about 
its own length from tbe anterior extremity : aoumberof denticles and 
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■tei^ (piMi mn tk« iDt«ipic« : daw itroi; and bent : aligMr'itt- 
tcned on it> npenDr «dge. 
SecoBd u>d third tfaoiacie wpnetits very Ehort, wanting about a tfaird 
of the len^h ol the fint tbotBoio : fmirth aegment equal in length to 
Nther irf (he two fonner : fifth end lixth pedicnletcd, lut almoet f^ 
boM. Segnienta of all the posterior legs lengthened ; last Joint of die 
Iset pail with a tooth on its inferior edge neai the baae : claws itron^. 
This specieB may be distioguished from Caprella linearU, 
with which it ie most apt to be confounded, b; its greater 
comparative size, the structure of the antennie ; by the short- 
ness of the post-occipital segment ; the situation of the swel- 
ling OD the first thoracic segment, which is at the posterior 
edge, whereas in the tinearit it is at the anterior ; the femo^ 
ral joint of the second pair of legs is not clavate in the Une- 
aris, and is also quite straight. 

Plate III. Pig. 8. 

CaprHIti Knearii. — Superior antenna reaching to the middle of thlid 
tbonde segment : head ver7 deep : poat-oedintal Moment extMB«lf 
short, ahnoit of the same length as the head. SvfeUing at the >at«riw 
extremity of the flrat thoracic segment. Femoral joint of the second 
pair of legs almost as long as the first thoracic segment: lost joint oval; 
one tooth on its lower edge near the base. Length, half uninch. Hah, 
Frith of Forth. 

Detaipttou. — The whole bod; almost colourless : yery fragile. Hesd 
very dovp, being almost twice as deep as the poat-oceipital segment. 
Snperior antenDm reaching almost to the middle of the third thomcic 
segment. I^st joint composed of about twelve articulations. Inferior 
antennse hardly so long, and stmogly fringed with spines on its lower 
edge. The post-occipital segment is extremely short, hardly so long as 
the head itselt First thoracic segment twice as long as the hesd and 
poGt-occipital segment : the swelling is situated near the anterior extre- 
mity at this pmt : It pves off a small branch from which the second 
pmr of legs arises. The femoral joint is not clavate, quite 6traight,and 
of no great length, not being so Itmg as the first thoracic sq^ment : last 
joint oral, almost globular, and armed with one tooth on the inferior 
ed^e near it* base. Claws small. Second and third thoracic segments 
of equal length ; second more slender. Branchial lamellee small and 
utnated near the middle of the segment. Fifth and sixth thoracic s^- 
ments pediculal«d. The posterior thoracic 1^ almost monilifbnn ; 
an almost obsolete tooth being placed on the inferior edge near the 
base of distal seigraent of the last pair of feet. 
This appears to be the Oaprelta Unearit c^ authors ; there 

are some marks of difference, bat ibttj are trivial, and not 
sufficient to authorize any new ^ecific distiiiction). 
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Detcription of Plate FT. 

Tig- 1. Cjnthift Flemitigii. 

,.. 3. Part of inferior anteDiUG,irith 6C*U. 

... 9. Nataral size of Cynthia FlemingU. 

... 4. Themisto longispinasB. 

... ft. Tbfl third and fourth snbebdominal fin* ; a, p«dBncIe of Uie tbiid t 
b, estemsl branch; t, internal trancbj cf,pedimcl9of the fonrtb 
eababdominal fin; t, ini«nial branch;/, the Imgeztcnialbmidi. 

... 6. Tb« supailor tntonnal acale «f T. lonp^diiM*. 

... 7- Nat size of T. longisplnoaa. 

... 8. Middle caudal plate. 

... 9. T. brevispinosa. 

... 10. The third and fourth subabdoulnal Sub of T. breriipiuou; the let- 
ten refer to the tame pirta M th«M in the ume dnwing o( ih* 
1. longlspiooEa. 

... 11. Natural aiae of T. brevispinoea. 

... 18, The middle caudal plate. 

Description of Plate III- 

Fig. 1. CaprelU ^osa. 
... S. Nataral size. 
... 3. Ovarian plate, and one of the branchial Una attached, it ihetra the 

^ppet or ceBoaT«d amfae* with the boohed apinM. 
... 4. Cacrella Inria, nu^nified. 
.. i. Natural aiia. 

... 6. C^rella tubercolata, magnified. 
... 7- Natural size. 
... B. Oaprella linearii, m^niAed. 
... d. NatualeiK. 
... 10. Magnified lateral TietrofibeaeeondandtturdtbgcacicBegnientaof 

CapT^a ifittoni, shewing how the segmentt became changed dnr- 

iog spanning, nitb the oTsrian plates and branchial finlete in the 

nataral position. 
... II. Enlarged new ot Oraiiea A. and Onducta B. ; a, aatenor txtre- 

mit;r i ^1 posterior. 
... 13. Zoe of P(u/uri<i BfraAardtM, lateral view, 
.. 13. Back view. 
... IS. Ocular tnbsrclea. 
... 14. Caudal segment. 
... 16, Lateral view of theZoe of the Coreuttii vumai, sotnelme brfoc* 

it has escaped from the ovuni. The tunics of the egg have beut 

stripped off. 
... 17. I^st abdominal segment, and caudal forh of the same, shewing the 

corioaa bnuh-ahiqied ai^endagea ; Uum drop off when the aninal 

baa oM^^ Ima the own, and am nglacad t? QiiMK. 
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Fig. 18. Side view of the Zoe of tbe Careimt maaat, a. shorl time after it 

hai e«CB|ied from the orunu 
... 10. Appearauce of the Larvft of the Oaiigxu ptiemiH, sometima afUr it 

bos escaped from the oTum. 
... 30. Metare ovum of the same. 
... 81. Ovamin an earlj stage. 
... S9. Omm a little farthei adranced. 
... 23. Young Caligus taken from the egg ; it is at a more adranoed stage 

than the last 
... 24. External ovidact of Catigne, shewing the escape of tho ova, and 

how they remain attached nnlil the young are hatched. 



Additional Oiuereatiotu On Fibre, contained in a Memoir lat^y 
read to tie Royal Society t^ London. By Martin Barry, 
M.D., F.B.S., Lond. and Ed. 

On examining coagulating blood, the audior finds that it 
coatains disca of two different kinds ; the one comparatively 
pale ; the other, very red. It is in the latter discs that a fila- 
ment is formed ; and it is these discs which enter into the for- 
mattOQ of the clot ; the former, <nr the pale discs, being-merely 
entangled in the clot, or else remMning in the serum. He thinks 
that the filament escaped the notice of former observers, from 
their having directed their attention almost exclusively to the 
imdeveloped discs which remained in the serum, and tlios con- 
ceived that the blood-discs are of subordinate importance, and 
are not concerned in the evolution of fibrin. 

To render the filament distinctly visible, Dr Barry adds a 
chemical reagent capable of removing a ,'p(u:tion of the red 
colouring matter, without altogether dissolving the filament. 
He employs for this purpose chiefly a solution of one part of 
nitrate of silver in 120 parts of distilled water ; and sometimes 
also the chromic acid. He admits that tbe use of these 
reagents would, on account of their destructive tendency when 
conceutrated, be objectionable as proofs of the absence of any 
visible structure ; but as the point to be proved is, that a cer- 
tain specific structure does exist, he contends that the same 
appearance would not equally result from the chemical actions 
of reagents so different as are those of chrome and the salts o^ 
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mercury and of silver. After tbe appearance of the filauaent: 
tlius brought to light, has become familiar to the eye, it mi^ 
be discerned in the blood-discs, when coagulation has com- 
menced, without any addition whatever. Those blood-discs 
of the newt, which contun filaments, often assume the form 
of flaek-libe vesicles, the membranes of which exhibit folds, 
converging towards tbe neck, where, on careful examination, 
a minute body may be seen protruding. This body is tlie ex- 
tremity of the filament in question, its protrusion being oc- 
cauonally such as to admit of its remarkable structure being re- 
cognised. 

The author proceeds to describe various appearances which 
be baa observed in the coagulum of the blood, and which 
strongly resemble those met with in the tissues of the body, 
and are obviously referable to a similar process of formation. 
He. bears testimony to the accuracy of the delineations of coa- 
gulated blood given by Mr Gulliver. One <rf the most re- 
markable phenomena discovered by the author in the coagu- 
lation of the blood is the evolution of red colouring matter ; 
a change corresponding to that which he had previously ob- 
served to take place in the formation of the varioos structures 
of the body out of the corpuscles of the blood. He considers 
the production of filaments a£ constituting the essential cir- 
cumstance in coagulation. 

He conjectures that the notched or granulated fibres noticed 
in tlie blood by Professor Mayer, may have been of the same 
kind as the flat, grooved, and compound filaments described by 
himself; but he thinks that, in that case, Mayer's explanation 
of tbeir mode of origin must be erroneous ; for they may be 
seen to be produced by a portion of the blood not mentioned 
by him, namely, the corpuscles. 

Mr Addison's discovery of globules in the uppermost stra- 
tum of inflammatory blood, and of their influence in the forma- 
tion of the bufiy coat, b confirmed by Dr Barry, whoremariis 
that these globules are altered red blood-discs. That the 
blood corpuscles are reproduced by means of parent cells, as 
suggested by Mr Owen and by the author, is confirmed by 
the observations of Dr Remak ; but the author had long ago 
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ibdleated a division of the nucleus as being more particttUrly 
the mode of reproduction, not only of those corpuscles, but <Kf 
cells in general. With this conjecture the obeerrations of 
Remak on the blood-corpuscles of the foetal chick fully accord. 
Whether the author's further speculation, namely, that the 
parent-cells are altered red blood-discs, is correct, still remains 
to be-seen. 

The phenomenon of the " breaking off short," or notching 
of the fasciculus of a Toluntary muscle in a transverse cleavage 
of the fibre, is regarded by Dr Barry as a natural consequence 
of the interlacing of the larger spirals, which he has described 
m a former paper ; the Iracture, in proceeding directly across 
the fasciculus, taking the direction in which there is least re- 
sistance. 

The position of the filament in the blood-corpuscle is repre- 
sented as bearing a striking resemblance to that of the young 
in the ovum of certain intestinal worms, the filaments of 
which are reprodoced by spontaneous division. The author 
sabjoins the fbllowing qoeere, " Is the blood-corpuscle to be re- 
g«rded as an otum V 

(We itre requesLed hy Dt Bony to sUU that the above abstKCt Cod- 
taiss several eiron, among nbicb are the folloiving; (see paragraphs d 
and 70 

1. That the blood-corpusclee arc reproduced bj meaDS of parent cells, 
he had not " suggested," but clearly shewn. 

2. That a dWisioD of the nucleus is mote particularly the mode of re- 
production, was no " conjecture," but recorded as a fact. 

3. That tbe parent^cells ate altered red blood-discs, was also on ob- 
served (act, and not a " speculation." 

4. It is the filament formed in the blood-corpuscle tiiat Dr Barry de- 
toribes as being reproduced by self-divirion, and not the filaments of in- 
testinal votma.—Edit. 
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Proceedingt of the Boyat Society of Edinburgh. 
(Continued from vol. xxsi. p. 401.) 
1841, December 6. — Sir T. M. Brisbane, Bart., Prestdent, 
in the Chair. The following Communications were read : — 

1. On the Circulation of the Blood, and the Difference of the 

Laws of Fluids moving in Living and Dead Tuhes. Part 
Second. By Sic Charles Bell. 

2, On a Peculiar Structure observed by the Author in the 

Ice of Glaciers. By Professor Forbes. (Printed in this 
.Toumal, vol. sxxii. p. 84.) 

December 20.— Dr Hope, V.P., in the Chair. 

1. Report of a Committee on the Papers of David Hume, be- 

queathed to the Society; by the late Baron Hume. Com- 
municated by the Council. 

2. On the Optical Properties of Greenockite, by Sir David 

Brewster, in a letter to Lord Greenock. 

Greenockite has the form of a regular six-sided prism, with py- 
ramidal BummttB, the faces of the pyramid being iaclined 36° 20' 
to their base. The pyramids are sometimes truncated on their 
summit. 

The crystallization is often composite. 

The index of refraction of Crreenoclite b 2.6882, corresponding 
to the middle of the green space, and to the ordinary ray. Hence 
Greenockite exceeds tbe Diamond in refractive power and also chro^ 
mate o/ lead, v;luch I had found to surpass the diamond in this 
respect. 

The double refraction of Greenockite is comparatively small, which 
is not usual in substances of a high i-efractive power. It is so small, 
indeed, that owing to its great dispersive power it is exceedingly 
difficult to separate the two images. 

The polarising angle of Greenockite is 68° 36' for the red rays, 
which corresponds to an index of refraction for that light of 2.5517- 

I found it very diflicult to establish the existence of an uniaxat 
system of rays along the axis of the prism ; but I succeeded in doing 
this by light of the condensed rays of the sun^ by which it can alone 
be established ; for when in binxal crystals one of the axes is v«^y 
weak, as in nitre, its influence on the rays is scarcely visible in 
erjKtaU of little tbi<rkm>SR, such ns those we mwi with in Gceenoekite. 
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Tho uniaxal Bfetem of rings ia negative, u in calcareons spar. 
Tho light loft at the pDlariaing angle is blue and pink. 

Professor Forbes, after reading the foregoing communication, re- 
marked that the uniaxal structure of Greenockite was oacertained 
hj himself with the aid of concentrated gas-light, and that hb notice 
on the Bubjoot was publiiihed in the Fhitosophical Magazine for 
July 1840.' 

3. On the Retjults of the most recent Experiments on tho 
Conducting Power for Heat of diflPerent Soils. By Pro- 
fessor Forbes. 

January 3. 1842.— Dr Hope, V.P., in the Chair. 

1. On the Cultivation of the Sngar-Cane in Spain. By Dr 

Traill. (Published in this Jonmal, vol. xxxii. p. 25(1.) 

2. On the Theory of the Parallel Roads in the Glens of 

Lochaber. By Sir G. S. Mackenzie, Bart. 

3. On the Results obtained with different forms of Rain- 

Gauges. By Joseph Atkinson, Esq. Communicated by 
David Milne, Esq. 



Proceeding* of the Wemertan Natural History Socieli/. 

(Continued from rol. xxxii. p. 400.) 

April 3. 1642. — Professor Jamesok, President, in the Chair. 

Mr John Goodsir read a paper by Mr H. D. S. Goodsir, on the 
development of the egg, and on the metamorphoses of Cailigut, &c. 
(published in this No. p. 174). Dr Neill oommunicated Mr Seton's 
reading of the ancient Runic inscription on the block of gneiss pre- 
served on the north bank of the Castle Hill. This stone was brought 
from Lapland in Sweden about half a century t^ by the late Sir 
Alexander Seton of Preston ; and the literal translation of the in- 
scription is " Ari caused engrave this stone to the memory of.Hialm 
hb father, QtA. help his soul V It bears the mark of the cfobb, but 
is undoubtedly much more than a thousand years old. 

* William Nieol, Esq., F.R.S.E., was, we believe, the fiitt who sscer- 
tuned the uniaxal ttructnie of GreenockiU?. See this Journal, vol. xxis- 
p. \7h^B^t. 
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Professor JamesoD tlien exhibited finely preserved specimena oi tha 
following large fishes, takea latel; in the Frith of Forth, and chieSy 
in Aberlady Baj : — 1. A Tunny, 8 feet long, and five feet 6 inches 
in oircnnifei-ence where thickest ; 2, Portbeag^e Shark, 7 feet 3 inches 
hmg, hy 4 feet in circumference ; 3. Great Sunfish, 5 feet 2 inches 
in length, and 3 feet 8 inches in depth ; and, 4. Conger Eel, 6 feet 
8 inches long, 1 foot 10 inches circumference. The Professor also 
exhibited a beautifully spotted Seal, 5 feet 6 inches long, 4 feet 3 
inches eircumference, which had been entangled and di-owned in ft 
herring net off Inchgarvey, near Queensferry. 

April 16. — Professor Jameson, President, in the Chair. 

The assistant Secretary read a memoir, giving a description of a 
niagnetical instrument invented and constructed some years ago by. 
Mark Watt, Esq. of Edinburgh, which, standmg upon a table in any 
room, and- secluded under a crystal shade, points in the direction of 
the wind. This instrument is formed of a thin bar of wood, of three 
or four inches long, which traverses like a compass, upon a steel pivot, 
by means of an i^ate-capsule inserted into the wood. Three or four 
magnets are affixed to one end of the bar of wood, which has a slit 
one-third of its length to receive them. They are placed in ft line, 
at a distance of half an inch from each other. The m^nets are very 
light, being pieces of the mainspring of a wa.Uh, made strftijrttt, of 
different lengths, increasing from one inch to three. They are fixed 
quite perpendicular to the horizon, and therefore deprived of polarity, 
with all the south poles uppermost and north nndennost. The in- 
strument is not a perfect vane ; for although the bar of wood stands 
exactly according to the direction of the wind, it is indifferent to it 
which end it turns towards the point the wind blows from. Tet 
several rather interesting deductions in physical science can be drawn 
from it. It evinces the connexion Between magnetism and eleetridty. 
It also renders it probable that our raiiable winds are caused by elec- 
trical currents, as this instrament anticipates the changes of the wind 
by a quarter or sometimes half an hour. The instrument was ex- 
hilMted and ex{dained by Dr Glover. 

Mr John Goodsir read a paper by Mr H, D. 8. Goodsir on the 
metamorphoses of Carcinus and Pi^rus, and on some new species of 
Caprella (see p. 174.) 

Dr Robert Hamilton then read a paper, entitled : Baport on the 
tatm recant tBrertigatfonB concerning the etrorture, habits, ami eco- 
nbmic us9« of Fishes. 

D,g,l,..cbyGOOglC 



latt of Prixe* <^ the Ba^ai Scottish Socieig of Artaftr 
Setiion 1842-43. 

The BoYAL Scottish SoaEXT of Arts proposes to award 
Honorary Medab, and Peoaniary Prizes, for approved Com- 
muiiioations. 

No Prite to exceed Thirty Soveretgm. 
The attention of the Fellows and of the Public ib directed to In- 
ventions, Discoveries, and Imp rove ments in the Mechanical and 
Chemieal Arts in general, and also to means by which the Natural 
Productions of the Country maj be made more available ; and in 
particular to, — 

ExFEHiMEi'TS applicable to the Useful Arts. 

Invbntions, Processes, or Practices from Foreign Countries. 

Pkactical Details of Public or other undertalcings of Xational 
importance, — not previously published. 

Methods of Economising Fuel, Qas, &c. — of preventing Nozioua 
Vapours from Manufactories, — of procuring small, intense, and 
uniform sources of Heat. 

IiipaovEMENTS in Instruments for Measuring minute quantities 
of Heat, — in the Manufacture of Iron, and other Metals, in 
the making and Tempering of Steel, — in Calotype, Dagnerreo- 
type, and Electrotype, — in the preparation of Iiime and Plas- 
ter for Fresco Painting, and for appropriate Tools for laying 
the Plaster with precision, — in Electric, — Voltaic, — and Mag- 
netic apparatus, — in Pavements, — in Balance or Pendulum 
Time-keepers, — in Taps and Dies, — in Glass and Porcelain, — 
in Land, Marine, and Locomotive Steam -Engines, and Rail- 
way Carri^;ee, — in Railway Telegraphs and Signals, do., &c. 

KEITH PBIZE. 

The SocuTT will also award the Kkith Medal, value ThiktT' 
Sovereigns, for any important Invention, Disoovery, or Im- 
provement in the Useful Arts. 

Oeneral Observatioiu. — ^The Keith Medal may be awarded for, 
any communicatioa which shall comply with the tjsnuB of the an- 
nouncement of that Friie, althoi^h falling under any of tho ahova, 
specified subjects. 
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200 Froeeediiiffs of t fie Society of Arts. 

The descriptions of the various inventiona, &c. to be full and 
diftinct, and, when neoesBarj, accompanied by SpeeimeM, Drmmitgt, 
or ModtU. 

The Society shall be at liberty to publish in tlieur Transectioni 
copies or abstracts of all Papers submitted to them. All Models, 
Drawings, &c. for which Prizes shall be' given, shall be held to he 
the property of the Society, — the Society being in the practice of 
taking the value of the Model into account in fixing the amount of 
the Prize. 

All Communications must be written on Foohcap paper, leaving 
mai^ns at least one inch broad, on both the outer and inner sidea of 
the page, so as to allow of their being afterwards bound up with 
others ; and ^ Drawings must be on Imperial Dralving Paper, un- 
less a larger sheet be requisite. 

All Communications to be lodged as soon aflej- \st Noven\ber 1842 
as possible, in order to ensure their being read during the Session ; 
but those which cannot be lodged so early, unit be received till \sl 
March 1843. 

Communications, Models, &c. to be addressed to Jahes Tod, Esq., 
tlie Secrbtakt, 21 Dublin Stri^, £dinbui;gh. Postage or Carriage 
paid. 

Copies of this List of Prizes may be had from the Secretary, 

Edinburoh, Uth April IMS. 



SCIENTIFIC INTELLIGENCE. 



. 1. On Fan-Shaped Stratification. — A distinguished geologist m a let- 
ter latdy received says, — " It would, without doubt, be making a great 
step in geology, if we could explain the schistose structure and the atra- 
tification of crystalline formations by means of the structure aasunied 
by ice. I believe that we are still far from being even at the com- 
mencement as regards all those things which depend on molecular ac- 
tions. The explanation, for example, given of the columnar structure 
of basalts, has always appeared to he but little satisfactoiy ; and only 
leads to a mode of accounting for a division of a somewhat different 
description. But the structure which has occupied m^ more than any 
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other for many years, and which seenii to me to contain the ^ey of 
the whole theory of the ciyitalline formatioM, n the fan-shaped struc- 
ture of ^e central manea of the Alps. It is first of all necoMary to 
know if theie etmta are true beds of sediment, originally horizontal, or 
if the Ian-shaped division is secondary and dependent on molecular 
actions ; and I have not yet been able to decide between these two 
modes of viewing the subject. We are in possession of very favour- 
able arguments for the se^nd. I find one in the great regularity of 
strata extending for great distances without the least inflexion ; whereat 
the calcareous and schistose formations of the Alps generally exhihit 
uontortions which announccthe most violent movementsthroughoutthdr 
whole mass. It is but little probable that these movements should have 
acted only on the edges of the central masses ; and one would ba almost 
led to admit, that at the centre the sedimentary structure has been entire- 
ly effaced. Another argument results from the direct observation, that 
near the contact of the limestone and the gneiss, the vertical structure 
ofthe gneiss is never visible; that, on the contrary, the gneiw, or ralher 
a mixed rock, follows the stratification of the limestone, and even al- 
ternates several times with the beds of limestone which contain organic 
debris; and that it is only at some distance from the limit of the two 
rocks that the vertical structure presents itself. This is evident, for 
example, in the Grindelwald, at the contact of the Mettenberg and the 
Schreckhom, and in the valley of Urbach. But otiier facts which du 
not appear less decisive, are more favourable to the opinion whidi re- 
gards the fan-shaped strata as true elevated beds. There is first the 
alternation of various rocks, different varieties of granite, gneiss, amplii- 
bolite, &c. in the same &n ; and the lact that this structure is not li- 
mited to crystalluie rocks, but extends at the two extremities of the 
central crystalline mass, very far into the sedimentary formations which 
surround it ; finally, that, at the two sides of the central mass which 
are parallel to its direction, the crystalline beds are in concordant stra- 
tification with the sedimentary beds, vrhich themselves form part of 
the fan. I had hq>ed te woik out this grand problem in my last 
year's tour, but 1 am now no farther advanced than I was a year 
ago." 

3. Ih- Hou<fhton OH the Geoffnoetkal potition of the nwmeroui niastes 
of native Copper in North America. — It bafact well known, tbat^ouUi 
from the northern peninsula of Michigan, transported masses of nativo 
copper are occasionally met with ia the diluvial deposits which ufc so 
abundantly spread over the country ; andthese hnaemaiseawte distributed 
over an area of many thousand miles, incltiding Soulhtm Michigan, Wis- 
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conainj Illuiou, and Indiana. In Noi^em Michigan tbey ore st&l 
more frequently met with. 

The great transported maei of native copper on the Ontonagan river, 
%o frequently alluded to by travellers, and which he, Br H. ettimated 
to contain about four tona of native metal, waa stated to have all the 
characters of the other loose masses referred to. 

Tlie source of these transported masses has hitherto been Bomawhat 
obscure, although there has been good reason to believe, that moat of 
them had their origin from the trap-rocks ; but whether from true veins, 
or from the mass of the rock itself, was not known. He said, that, ufVer 
examining the country with care, he was enabled to state, that, with- 
out doubt, a very considerable portion of them had their origin from 
what may be regarded as true veins. 

Those which were regarded as true veins, wen uniformly noticed to 
originate in the trap-rock, but they were frequently traced acrou the 
superimposed sedimentary rocks, including the red sandstone. The 
direction of the veins across the upper rocks most frequently corresponds 
to the dip of those rocks.— ^merrcan Journ. o/Scienee, vol. xlL No. i. 
p. 184. 

3, The Great Crater of Ike Vtdcano in Hawaii.*—" It is an immense 
pit, one thousand feet deep, and six miles in circuit, with perpendicu- 
lar walls, except at one point, where it is reached by a deep descent, 
and the whole of this vast cauldron full of boiling, bubbling, and spout, 
ing lava. The surface at one moment as black as ink, and the next 
exhibiting rivers, and pools, and jets of a hideous blood-red fluid, that 
was sometimes thrown up to a height of fifty or sixty feet, and ftU 
back with a sullen plashing that was indescribably awful. The aspect 
of the whole was hellieh — no other term can express it. By night it 
was grand beyond description. The frequent lightings up, the hissings, 
and deep muttering explosions reminded me of some great city in 
flames, where there were magazines of gunpowder or mines continually 
exploding. Vesuvius is tame in comparison with it. Just previous to my 
visit the lava had burst out at a new place, about six miles north-east of 
the crater, and flowed down to the sea in a stream ci forty mile* in length 
by from one to Koen in breadth. I saw the light one hundred miles 
ofil It reached the sea in five days ; threw up three hills of from one 
hundred and twenty to two hundred and fitly feet high ; gained two 
thousand feet out seaward from the old line of coast by three-fourths of a 
mile in width, and heated the waiter for fifteen miles on either side to 
sudi an extent that tha flshes wen heaped up in myriads on the shore, 

* In • letter to Professor Silliman, dated Honolulu, Oahu, Oct. 34, 1810. 
— Kllinaa's Jounal, vol. xli, p. 800. 
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seeded to dwth. lU foiling into the sea wag accompanied with tre- 
mendous hiuinga, and detonations like constant discbarges of heavy ar. 
tillery, dittinctly hevd at HUo, twenty minutes distant — Yours, &c. 
1>. H. Stobbb. 

4. Jamettmile. — From Las-Parets, (Ann. des Mines So"' ser. xTiti.) 
— An interesting locality of thU mineral has been lately discovered be- 
tween MUhau and Seveiac-le-Chateau. The surrounding rock is a 
yellow, granular, distinctly stratified Umestonej abounding in mag- 
nesia, and traversed by many veins of heavy spar. The Jamesonite 
occurs in dnisy cavities, either in a pure state or mixed nlth heavy spar. 
It afforded, on being analysed, the following ingredients : — viz. 
lead, 48.8 — copper, 6.6 — antimony, I?.'* — sulphur and loss 97.4^ 
100.0. 

5. Cfyetalliied Gold—On examining many crystals of gold, from the 
gold washings of Catharinenberg, Mr Avdeeff obtained the same reeults 
as those ofO. Rose in his analysis of the rolled masses of gold of the 
Urals, viz., that the gold in veins and seifenwerken, whether massive 
or crystallized, is combined with silver in indeterminate proportions. 
and that both substances are isomeric. According to Avdeeff, the 
crystals of gold in rhombchedcal dodecahedrons contain much more 
gold than those which occur in tetrahedral and octahedral crystals. Is 
there a determinate limit to the amount of gold aad silver according to 
which crystals take on this or that form ? — Leonkard and Broiin's 
Jahrhuch, 6 Hejt, 1841. 

6. On th€ Compotition of the JebettKi qf Sehareeattein in tie ZHier 
Jialia the Tyrol. — Meitzendorff has lately pven, in Po^ndorff't 
Annals, an analysis of this variety of asbestui, which is aharactenied 
by the length of its fibres and by its white colour. 100 parts contain--. 

OxjBea- 
65,869 29,023 
20.334 7-870 -J 

17.764 



Kotoxide at icon, 
Protoxide of 



7.870 -J 

il\ >-u.oao 

0.260 ) 



90.391 
As the silinc acid contuns almost exactly tvrice as much oxygen at 
he bases do, the following may be regarded as tbe formula : — 



CftS 



ffi* 



D,g,l,..cbyGOOglC 



304 - Scientific InteUigence — Geology and Mtneralogt/. 

This asbettut, therefore, hat preciiely the comporition of pure augite. 
free trom alunuEa; whcreai that from the Tftrent^se, analysed by 
BoDsdorf, bai the compoeition of hornblende (B.'Si + H* Si*), which, 
indeed, does not differ very much from the 6nt. It appean, there- 
fore, that the name asbestus does not belong to a determinate mineral, 
but to^ condition into which sereral minerals can pass. — Poggendor^ 
Annalen. 

7- Geokroniie. — This new mineral species occurs in the mine of Sala 
in Sweden. Colour lead-grey, massive, but do cleavage; streak shining 
and metallic; opaque; hardness between calcspar and mica; spedGc 
gravity ^ 5.88. Analysis by Swanberg afforded the follov^ing ingre- 
dients, vix. lead, eS-Ma— copper, 4.544— iron, 0.417— zinc, 0.111 
— trace of silver and bismuth — antimony, 9'57& — arsenic, 4.6^5 — 
sulphur, 16.862 = 99.027. It thus appears to be a fifth combination 
of sulphuret of antimony and sulphuret of lead ; the already described 
combinations being Jamesonite, Zinkenite, Plagionlte, and Federerz. 
Poffffendoi^t Annalen. 

8. Meeting of the Oeologieal SoeUly of Francs at Aix.—'We have to 
announce that the e]Lti'aoTdinary meeting of the Geological Society of 
France will this year be held at Aix (Bouches dii Rh6ne), on the 4th 
of September, and that strangers, introduced by a member, may tuke 
part in the geolt^ical excursions and discussions. 

Q. Sounding Sands. — The late Sir Alexander Bumes, in his interesting 
work on Cabool, lately published, gives the following account of this curi- 
ous phenomenon: — As we vrerenow in the vicinity of Reg-Riiwan, or the 
moving sand, we made an excursion to it. It is a phenomenon simi- 
lar to what is seen at Jubul-Nakoos, or the sounding mountain, near 
Too in the Red Sea. The Emperor Baber thus describes it : — " Be> 
tween the plams there is a small hill, in which there is a liue of sandy 
ground, reaching from the top to the bottom. They call it Khwaju 
R^-Ruwan ; they say that in the summer season the sound of drums 
and nugsretB issues from the sand." The description of Baber, how- 
ever marvellous it appears, is pretty accurate. Heg-Ruwan is situated 
about forty miles north of Cabool, towards Hindoo Koosh, and near ihe 
base of the mountwns. Two ridges of hills, detached from the rest, run 
in and meet each other. At the point of junction, and where the slope 
of the hills is at an angle of about forty-five degrees, and the height 
nearly 400 feet, a sheet of sand, as pure as that on the sea-shore, is 
spread from the top to the bottom, to a breadth of about 100 yards. 
When this sand is set in motion by a body of people sliding down it, 
a sound is emitted. On the first trial we distinctly heard two loud 
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Kollow tounds, «uch as uould be produced by a laige drum. On two 
Bubwquent trials we heard nothing, ro that perhajw the sand requires 
to be Bettled and at rest for some space of time before the effect can be 
produced. The mhabitants hare a belief that the sounds are only 
heard on Friday ; nor then, unless by the special permission of the 
saint ofBeg-Buwan^ who is interred cWe to the spot The locality of 
the sand is remarkable, as there is no other in the neighbourhood. Reg- 
Buwan faces the south, butthe wind of PurwEui (b&d i Purwan), which 
blows strongly from the north for the greater part of the year, probably 
deposits it by an eddy. Such is the violence of this wind, that all the 
trees in the neighbourhood bend to the south; and the fields, afler a 
fetv years, require to be re-cleared of the pebbles and stones which the 
loss of soil lays bare. The mountains oi-ound are for the most part 
composed of granite, but at Reg-Ruwan we found sandstone, lime, 
slate, and quartz. Near the strip of sand there is a strong echo; 
and the same conformation of surface which occasions this is doubtless 
connected with the sound of the moving sand. In a late number of 
the Journal of the Asiatic Society of Calcutta, there le an extract of a 
letter from Lieutenant Wellsted, of the Indian navy, in which he de- 
scribes the sounding mountain in the Red Sea, which has also been 
mentioned by Gray and Seetzen. There would appear, however, 
to be some variation in the kind of sound produced in the two 
places; but both arc, I suppose, explained by the theory laid down by 
Mr James Prinsep regarding Jubl Nakoos, who says that the effect is 
there produced merely by "a reduplication of impulse, setting air in vi- 
bration in a focus of echo.** At all events, we have atReg-Rewan ano- 
ther example of the phenomenon to excite the curiosity of those inte- 
rested in acoustics. Reg-Ruwan is seen from a great distance ; and 
the situation of the sand is so peculiar, that it might almost be ima- 
gined the hill hod been cut into two, and that it had gushed forth from 
tlie opening as from a sand-bag; the probability, however, is, that it 
has been brought together by the wind. 

1 0. Foieil Foramini/era in the Green Sand of Hew J&-Mg (America.) 
— Prof. J. W. Bailey has brought to light the interesting fact, that a 
lai^ portion of the calcareous rock defined by Prof. H. D. Rogers as 
the third formation of the upper secondary, is made up, at the locali- 
ties where be examined it, of great quantities of microscopic shells be- 
longing to the fonminifera of D'Orbigny, which order includes those 
multilocular shells which compose a large part of the calcareous sands, 
Sk. of Grignon and other locaUtiesb) the tertiary deposits of Europe. 
Knee the minute multilocular shells above alluded to were^seovered, 
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Dr Torre;. and Vnt. Bailey luiv« together txamined apecuD«n utHnt- 
■tone from Cluborne, Alabuna, and h&ve found in them l<u»iiu&|ibs 
ef Sorau apparently identical with thott occuning in New Jeney. 
None of this ordw, except tlw geniu summBUte, have heretofore been 
noticed in our green-nnd fOTmatacn. In thii connection we may bIm 
aniMNiDce the interesting dieeoTery recently made \)^ Prof. Wm. B. 
Rogen, of a Ta«t stratum ofjMtU infutoriM^ i^ ti« tertiary Urata t^Vin. 
yinia. It oceup abeut twenty jleat in thicbiess beneath Ridmiond, and 
IB fbimd to be filled with new and highly interetting forms of marine oli- 
ceouB infutoria. It would be interesting to have the epecimoiB of tfec 
greut-eand fiNrmation of the ii west, collected by Mr Nicollet, ezainii>> 
•d. to sec if infusoria or foraminifera may not, be found in them.—' 
SiiUiMM't Amerieait Jovmai of Science und Arlt, vol. xli. No. 1 . p. 
US. 



11. Notice of a Memoir on tkeOr^nicTiutut in the hong tinulmre if 
CoraSidtE, lat^g read before ike Royal Society. By J. S. BoweriNuik, 
Esq., F. Q. 8.^ — The author submitted amtdl portions of nearly sereRty 
ipeciei of bony corah to the action of diluted nitric acid, and thus ob. 
tained their animal tissue, (reed from calcareous matter, and floating 
on the surface of the fluid in the form of a delicate flocculent mass. By 
the aid of the microscope, this mast was found to be pervaded by a 
complex reticulated vascular tissue, pnsenting numerous ramifieation 
and anastomoses, with lateral bianches terminating in closed extreiu* 
tics. There were also found, intersperaed nnong these, another set af 
tubes, of larger diameter than the fwmer, and provided, in may pbtcei, 
with valves ; the branches friHn these larger vessels occasionally terminat* 
in ovoid bodies, having the appearance of gemmules or incipient polypes. 
In ether cases, raaisee of still larger size, of a more spherical shape, and 
of a brown colour, were observed attached to the membrane, and con- 
nected with each other by a beautifol net-work of moniliform fibree. 
Numerous siliceous spieula, pointed at both extremities and exceedingly 
minute, were discovered in the membranous structure of several corals ; 
and also spicula of larger nze terminated at one extrenuty in a point, 
and at the other in a spherical head ; a form beating a crtriking resenN 
blance to that of a common bisss pin. Bendes these spicula, the m- 
thor noticed in these membranous tissues a vast number of uunOtc 
bodice, which he regards a* idmtieal with the nuclei of Mr lielmt 
Brown, or the cytobUets of gefalnden. 
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\%.SilkWorm: — ^The chief manufikcturei of MiUn art silk and iron : 
of the fonrer there are leverai estabtiihrnentSj and the culture of the 
mulberry ii in consequence very extensive. Baumcr quotes the foUow- 
ing curious fiict from Berger'a book : — " 21,000 e^a of the silk-worm 
weigh a quarter of an ounce ; the worm lives from forty-fiTC to fifty- 
three days ; increases his weight in thirty days 9^00 fold, and during 
the last twenty -ei|ht days of hii life eats nothing. For 7S9 lbs. of 
mulberry leavea, 70 lbs, of cocoon* are obtained ; 100 Iba. of cocoona 
give 6J lbs. of spun silk ; and one pound of cocoons will produce s 
tingle thread of 88,000 fathoms in \ea^"—Ban-oiD't Tour in Letn- 
bardy, p. 146. 

13. Snail Trade of Ulm. — Ulm has not much traffic, the principal 
exports, as I understood, bmg enaili, which are bred and fattened, and 
of which many milUwis are annually tent into Germany and other Ca- 
tholic countries is Lent, where they are esteemed a great delicacy. — 
BuTTOtB't Tour in Lombardy, Tt/rol, ^., p. S6S. 



14. Noliceqfa Metjioir, lately read be/ore tie Royal SocUly, on ika ulti- 
mate Dietribaiion of Vie Air-Pattagti, and of the Modes of IForma- 
tion of Oie Air-Cellg of the Lungg. By William Addison, F.L.S., 
Surgeon, Great Malvern. 

After recittng the various (pinions which bare prevwled among ana- 
tomista reguding the manner in which the bronchial tubes terminate, 
whether, as some suppose, having free communication with one another, 
or, as others muntain, by distinct and separate cells having no such 
intercommunication, the author states that, having been engnged in in- 
vestigating, vith the aid of the microscope, the seat and nature of pul- 
monary tubercles, he could never discover, in the course of his inquiry, 
any tubes ending in a eul-de-aae ; but, on the eontr«ry, always saw, 
in every section that be made, air-ceils communicating with each other. 
He concludes Jrom his experiments and observations, that the bronchial 
tubes, after dividing dichetunoualy into a multitude of minute branches, 
which pursue their course in the cellular interstices of the lobules,, ter- 
minate, in their interior, in branched air-passages, and in air-eells which 
freely commuiucate with one another, and bsYe a closed termination at 
the boundary of the lobule. The apertures by which these air-cells 
Qfta into one another are termed by the author lobvlor patiaget ; but 
he states that the urcells have not mn indiKriminate or general inter* 
tommunication throughout the interior of a lobule, and that no onnato- 
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moseg occur between the' interlobular ram ificat ions of tbe bronchUe 
themselvM ; each branch puraumg ita own ind^ndent course lo its 
tenninatioD in a closed extremity. Several drawings of the microsco- 
pical appearances of injected portions of the lunge accompany this paper. 
1 5. 1.MM andEeeovery of Mr Svtainmn't Library. — We have pleasure 
in recording the handsome and liberal conduct of Mr Maclear, the As- 
tronomer Royal, and the Rev. Dr Adamson, the Presbyterian clergy- 
man at the Cape of Good Mope, in recovering for Mr Swwnson the 
zoolf^irt his valuable library, which had been wrecked in the Prince 
Rupert at the entrance of Table Bay, when on its way to New Zea- 
land. At the sale of the cargo at Cape Town, some cases of books in- 
jured by salt water were purchased by Mr Maclear, and, on examina- 
tion, they were found to contain splendid works on natural history ap- 
parently the property of Mr Swainson. Subsequently, Mr Maclear and 
Dr Adamson succeeded, after considerable exertion, in obtaining from 
the auctioneers) &c- who had purchased them, the remainder of Mr 
Swainson's booksi at a fraction of the value; and, instead of retwning 
their excellent bargun, these gentlemen have written to the original 
^prietor, informing him of the dnumstance, and offering to forward 
the books to him. 

ARTS, &c. 

16. Speed of Travelling. — The opening of the Strasburg and Basle 
Rtulway, which is about ninety miles in length, was celebrated re- 
cently by a great dinner at Mulhausen. An inscription on one of the 
walls of the room ran thus ; — " In the year 1500, tbe journey from 
Mulhausen to Straslm^ occupied eight days i in l600, six days ; in 
1700, four days; in 1800, two days; in 1841, two hours." (The dis- 
tance is about seventy English miles.) 

IT.Olasoow. — ImprovementinPavingofSlreelt. — Weknow of no im- 
provements in the muiagement of police matters equal to those which have 
been effected by the Commissioners of Police in the paving of tbe streets. 
It is only a few years since that department was transferred from the 
old statute-labour trust to their management, and at the time of trans- 
fer, the streets, with few exceptions, were nearly in a ruinous condi- 
tion. The committee of statute-labour, and Mr Hume, their active su- 
perintendent, have, by their unwearied exertions, brought the system of 
iheparbg of the streets to the highest state of perfection. The results 
of ttieir experifloce may affmrd useful information to pnblic bodies or 
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others inlerested in the making or maintaining of streets. ' We wftl, 
- thererore, liere give a short account of them : — 

Itt, It is found that what is technically called ruble causewaying, 
although cheapest at first, is the most unprofitable descri[ition of mate- 
ria] which can be laid where the thoroughfare is great. 

id. The common description of dressed causewaying is equally in- 
effective. 

3d, Macadamised streets in towns, where the thoroug^&re is great, 
are exceedingly unprofitable, and much more expensive to keep up 
than any other description of street. 

4/A, Whinstone (Trap) is a chalk compared to the granite (Por- 
phyry) from Iiiverary Quarry. This was proved by the Trustees in 
Jamuca .StreeL Both descriptions of material were subjected for 
three years to an equal amount of tear and wear. On minute in- 
spection, the whin was found worn down from 2i to S inches, while 
the granite was so tittle defaced, that the marki! of the tools used in 
preparing it were still visible. 

5lfi, To make good paving, the material must consist of well-made 
square-dressed blocks, all of an equal depth, and must be free of holes 
and bumps on the tops and bottoms, and be carefully laid on a bed of 
sharp river sand, the stratum on which it is laid being previously pre- 
pared to the exact curvature reqnired, or surface of the street in its 
finished state. The stones, being nearly smooth on the top, allow the 
carts to roll along, instead of bumping on the stones, which causes 
immediate destruction to the street. 

6l!i, The Inverary granite is considered to be the most economical 
description of material which can be adopted, as, from its extraordi- 
nary durability, a street, when laid with it on the improved system, is 
calculated to last at least for fifty years. 

Tlie Commissioners of Police are about to have the High Street 
paved with this durable material. They and their superintendent of 
streets deserve the greatest credit for the great interest they bestow on 
the paving deportment. 

18. Eatiei-n Method of Meaturtng Time. — The people of the East 
. measure time by the length of their shadow. Hence, if you ask a 
man what o'c'ock it is, he immediately goes into the sun, stands erect, 
then looking where his shadow terminates, he measures his length with 
his feet, and tells you nearly the time. Thus the workmen earnestly 
desire the shadow wh^h indicates the time for leaving their work. 
A person wishing to leave his toil says, " How long my shadow is in 

VOt. XXXIII. Ho. LKV. JULY 18-12. O 
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toming*" '■ Why did jou not come sooner V " B««ui» I W«Utd 
for my shadow." In the 7th chapter of Job, we find it writt^, 
" At ■ Bervant eamMtly dewrath hia »hadow."— fiofterft" IUvttrati(mK. 



NEW PUBLICATIONS. 

We have received the following works, which we recom- 
mend pBrticwlarly to the fttteatiou of our readers. It was our 
intention to have given an account of several of them, but 
we regret that for the present we are prevented doing so by 
want of spa<;e : — 

Explication de la Carte Oiologique de la Prance. Pair M. 11. 
Dufrinoy f* Elie de Seaamcnt, 4W. DonHn on Coral Jtee/t. Traiu- 
tKtion* of the Maneketter geological Society, Vol. I. Eiades Qeologi- 
qvM dam lei Alpet. Par M. L. A. Seeker, Totae 1". Udier den 
Jwahalk van KiirowHz in Mdhren, von E. F. von Oloeker, ito. Be- 
therehei Phynquei mr lei Pierret d'Imatra, par O. F. Parrot, ito. 
Oryctographie dn Gouver^ement de Motcow, par M. G. Fischer de 
Waldheim, folio. Monographie de* Plantee Fottilet du Grit Bigarrf 
dr la chaine des Voegei, par M. W. P. Schiiaper, ito. Parties 1*" <t 
2imc_ yomenclatcr Zoologicus, aactore L. Agamx, Faxciculw* I., 
continent Mammalia, Echinodermata et Acalephat, 4to. De la mcees- 
«ion et dv, Developpement des Etres OrgaaiKS, par M. L. Agassis. 
Monographia Anoplurorum Britannia!, with highly magnijied Jigtires 
of each ^cies. By Henry Denny. A Uittory of Inftaoria, living 
and fotsil, with plates. Bg Andrttu! I^lchard. A Bittory of Bri- 
ti»h Sponges and LUhophytes. By George Johruion, M.D., mth 
plate*. The Zoology of the Voyage of H.M.S. Beagle. Edited by 
Chaties Dartvin, Esq. iPo. 3, 3, and i of Part IV., amtaiutng Fith, 
by the Rev. L. Jenyiu. (The two following nambeTH will include the 
Keptiles and Amphibia ; atlei the puhlication of which the present work 
wUl be completed.) lUuslratitni)! of the Zoology of South Africa. By 
Andrew Smilk, M.D., Not. 12, 13, 14, and 15. Principlee of General 
and Comparative Pkytiology, By William B. Carpenter, M.D., 2d 
Edition. On the Rcinoie Ciiase of Epidemic Dineatea. By John Par- 
kin. Detcriptive Catalogue of tite Preparations in the Musi-um of the 
Royal College of Surgeont in Jieland. By John Hovtton, M.D., Vol. 
II, (Pathology). Analomisck-Pkynologiiche Vfttertvchnngen wAer die 
Bothryocephalen. Von Professor D. F. Etchrichl,-ito. Anatomitcht 
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QHttrntchangm iMber (K« OlioM Bonaiit, wm Prefimet D. F. AcMcM, 
ito. ElemeiUt of EltctrO'Uetailvrgy. By Alfred Smee. Paml.S.and 
S. Elemmti of Chenuftry. Bg Robert Kane, MJ). Jotimtg to Caboot. 
By the late Sir Alexander fiume*. A Serie* of Diagram* UhtttraliBe of 
the Principles of Mechanical atid Natural Philosophy, and their prae- 
Heal ajifUeatum. Part 1. (Chapman asd Hall). DwAar's Oraek 
Lexicon (contain* Appendix explanatory of teientifie termt). Jtmrnal 
of the Atiatic Society of Bengal. Madrat Jownal of Literature and 
Scitnct. The Quarterly Journal of Agrimlture, and Transactiont of 
the Highland and Agricultural Society of Scotland, No. 57 — (cot^ain* 
CwMwtfham'i Oeognottical Account of Banffshire.) 



LUt o/PatenU granted for Scotland from 28M December 1841 
to 16/A March 1842. 

'.!■ To John Jvckbs of Lenuham, in the couaty of Kent, gentleman, . 
" uuprDTemenIs in fomaces or fire-places." — 28lh December 1841. 

2. To HoHTAQD UjcDokooh of Saint Albans Place, Middlesex, gentl«- 
man, being a commnnicaUop froiu abroad, "improvements in spindles, fl^Qn, 
and bobUna, for spinning, rowing, twbting, and reeling all sorts of fibroni 
or textile substances, and in the application or adaptation of either or all of 
tbem to macbinei; for the same purposes."— 4th Januar}' 1B43. 

3. To TsOMia JosBPH Ditcubuhn of Orchard House, Biackwall, in tba" 
connty of Middlesex, shipbuilder, " certain improvements in sbipbuilding, 
sonie, or all of which, are applicable to steam-boats and boats and vessels of 
all descriptitins-" — 6th January 1843. 

i. To Mows Pools of Lincoln's Inn, in the county of Middlesex, gen- 
tleman, being a communication from abroad, " improvements in preparing 
mauers to be consumed in obtaining light, and in the construction of burners ' 
for burning the some." — 7th January 1843. 

6. To W11J.1AH Petkie of Croydon, in the county of Surrey, gentleman, 
' a mode of obtaining a moving power by means of voltaic electricity, appli -' 
cable to engines, and other cases where a moving powet is required."— 
7th January 1842. 

6. To James Tatlob junior, smith and engineer, Tamer's Court, Olas- 
go-w, " a self-acting machine for driving piles and stakes, and for other such 
purposes, to be wrought by steam or other power." — 10th January 1843. . 

7. To Jo&N Qbobob Bod hex of Manchester, in the ccunty of Laocastar, 
engineer, " certain improvements in ths construction of screwing stoelu,! 
taps, and dies, and ortain other toali or appantns «r EMcUsMy: Cnt eutlbg 
tOid working in matala." — ISth Jaaaarf IK4t. 
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6. To William Pbtrie of Crojdon, in the connty of Samy, gmbleman, ' 
' improTemente in obtaining ntecliaidcal power." — I3tli Januar; 1843. 

9. To Alphonbo Bbv£ Lb Hibb Db Normandy of Red Cross Sqnare, 
ifi th« city of London, Doctor of Hedicine, " certain improvemeDla in the 
maunfactiim of soap."— 13th January 1843. 

10. To HENsr HODQH W^THOM of Bolton le Vaan, iu the county of 
Lancaster, consulting chemist, " certain improvements in dressiiig, iti&n- 
ing, and finiahiug cotton, and otber flbrous sntntancts, and («xtile and other 
fabrics, part or parts of which improrementB are applicabta to the mannfac- 
tore of paper, and also to some of the proceHEes or operations connected with 
printing calicoes and other goods." — 18th Janaary 1842. 

11. To JoBH Lbb of Newcastle-upon-Tyne, mannfactiuing chemist, '* im- 
proremenU in the manufacture of chlorine," — IStb Jannory 1843. 

13. To John Thomas Cake of the town and county of Newcastlc-upon- 
^iDe, being a communication Aroro alwood, " improTements on steam-nt- 
g^es." — 10th Jan nary 1842. 

13. To HoBEBT StibiiIKo Newall of Qateshead, in the county of Dur- 
ham, wiie'rope-inannftcturer, " improTemeuts in the manufacture of flat 
hands, and in machinery for the mimufactiire of wire-ropes.'' — 20th Jsna- 
ary 1842. 

14. To Chbistofbbb Nickbli of York Bead, Lambeth, in the connty of 
Surrey, gentleman, " improvements in the manufacture of napped fabrics." 
—27th January 1843, 

15. To John Jovxs of the Smethwick Iron -Works, near Birmingham, in 
the county of StaSbrd, engineer, " certain im^ovements in steam-engines, 
and in the modes or methods of obtainii^ p»wer from the use of steam , parts 
of which improvements are applicable lo raising or forcing water, and for 
other purposes."— 4 th February 1842. 

16. To Jakes Thobbubn of Manchester, in the county of Lancaster, 
machinist, " cert^n improvements in machinery for producing knitted 
fabrics."— 8th February 1842. 

17. To Nathaniel Bbniahin of Camberwell, in the county of Surrey, 
gentleman, being a communication from atooad, " improvements in the ma- 
nufacture of 1^^"— 11th February 1843. 

. 18. To LouiB Laohenal of Tichfield Street, Soho, mechanic, and An- 
ToiNB ViBTBES of Fall Hall, watchmaker, both in the county of HiddlesoXp 
".improvements in machinery for cutting cork." — 11th February 1842. 

19. To John Qbobob Bodmbb of Manchester, in the county of Lancaster, 
engineer, " certain im[sovements in machinery for propelling vessels on 
water, part of which improvements ^iply also to steam-Ni^es to be em- 
ployed on land,"— 14th February 1842. 

30. To Obobub Mahmbmnq of Dover, in the connty of Kent, plamber, 
and Henbt Harbison of Ashfbrd, in the same connty, plumbw, " certain. 
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improvemeBta in the dimiu of tauiag wrier and other flnidB."—iaai Fetirii- 
M71B43. 

ai. To WiUiiiii Bakbb of OrotrenoT Street, Orocvenor Square, in tie 
conntf of HiddleBex, antgeon, " certun improvMueale in the maUBfactnre 
of boots sad ■hoeB."_33d Fetvaary 18*2. 

32. To Gbobqe Hadem of Trow1)rii%«, in the connty of Willi, ensineeT, 
" certain improTemenls in af^ratns for warming and Tentilating boildinga." 
_£3d Fe^nmarj 1842. 

23. To Joseph Henri Tuck of the Now North Rood, Hoxton, in the 
conutf of BtiddleBex, engineer, " imivoTentuits in t^paratn* or macbinerv 
for making or manufaetiiring candle*." — 2ftth February 1843. 

24. To HuoH Leb Pattihson of Bensham Orore, Qateshead, in tha 
county of Durham, manafactnriog cbemiet, " improvements in the mannfac- 
ture of White lead, part of which improvements are applicable to the mana • 
fucture of magnesia and its Kalts." — SStik February 1843. 

3S. To Hattbbw Au-bh of High Beech in the county of Esgex, Doctor 
in Uediidne, being a communication from alnxiad, " an improvement in [nu- 
dncing nneren Burfacee on wood."— Sd March 1848. 

M. To Stopfobd Thohai Jokes of Stafford Place, Pimlico, in the county 
of Uiddlesex, gentleman, " certain imptovenients in machinery for propel- 
ling TCBBela by Bteam or other power."— 3d March 1842. 

27. To JoBEFH Drew tha younger, of Saint Peter's Port in the island of 
Gnonsey, confectioner, " an improved method of rolling and cntUng losen- 
gec, and also of cntting gun wade and other similar Bubetancea I7 meana of 
a certain machine designed by him, and constructed of divers metals and 
wood."— 7th Match 1843. 

28. To Joseph Oarhbtt of Haslingden, in the county of Lancaster, dyer, 
and Jobs MASONof Rochdale in the same county, machine-maker, "certain 
improvements in machinery or apparatus employed in the manufacture of 
yams and cloth, and are also in possession of certain improvements appli- 
cable (o the same, communicated from abroad." — Bth March 1843, 

3fl. To Oeoroe Jarman of Leeds, in the county of York, flax sxA cotton 
pinner ; Bobbri Coor of Hathersage, in the county of Derby, heckle and 
needle manufacturer ; and JosatiA Wokdswobtb of Leeds aforesaid, ma- 
chine-maker, " certain improvements in machinery for spinning Sax, hen^, 
and tow."— 9th March 1843. 

30. To Jakes Ions of Newcaatle-upon-Tyne, gentleman, ''improvements 
in smelting copper ores."— lOth March 1843. 

31. To JoLilts BoBDiER of Austiu Friars, in the city of London, mer- 
chant, beii^ a commnnication from abroad, " certain improvements in pre- 
paring shins and hides, and converting them into leather." — llth March 
1842. 
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it. To BiChau IiAWMma BrvnwrAjn of No. 41 Chndi ttrntiMftr . 
nal Oreen, in the county of Middlesex, soap mannfactnrer, " ceitiin In/ 
proveiBents in tbe manufacture of sosp."-~I4th March 1843. 

33. To William Hidklino Bobnbtt of BaTensbourne Wood MilL^ 
Deplford Creek, in the count; of Kent, gentlemaa, " impcoToiuMiU in ii^ 
chinery for catling wood, and in apparatus connected therewith, put of 
Which ma; be applied to other purpoies." — Htb March 1043. 

Zi. To Oeoboe Wildes of Coleman Street, in the city of London, qmc- 
chant, being a communication from ateoad, " improrements in the manu- 
foctore of white lead."— I6th Much 1U3. 



Litt 0/ Patent* granted for Scotland from \&th March to 23(' 
June 1842. 

■ U Xo Moua FooiB ofLincoln'a Inn, in the countj of Middlesex, gentle- 
man, being a communication from abroad, " improvements in the manufac* 
tnre of plaited fabrics."— SOth March 1843. 

. 8. To Jakes Hcnt of WhitehaU, in the count; of Midjlesex, gentleman, 
" improvementa in the manufacture of bricks." — 29lb March IS43. 

3. To James Hall of Glasgow, upholsterer, " impiavemintt In beds, 
matrasses, and apparatos applicable to bedsteads, couches, and chairs."— 
30tb Much 1M2. 

4. To JoBK Habwood of Great FOTtland Street, in the count; of Middle- 
sex, Esquire, '' an improved means of siving expaiiakm to the chetC"— Otll 
April 1842. 

_ 0. To Jambs Ahdbbw of Manchester, in the count; of Lancaster, moBU- 
flMtnrer. " certain improTements in the method or process of preparing pt 
dressing ;ams or warps for weaving." — Cth April 1843. 

6. To EnxuND Mobewood of Winchester Building*, Great Winchester 
Street, in the cit; of Iiondon, Esquire, being a communication from abroad, 
*■ an improved mode of preserving iron and other metals from ox;dation or 
rust"— 7th April 1842. 

7. To Hbhbv Booth of Liverpool, Esquire, " imiBOTements in the method 
of propelling vessels through water." — I3th April 1842. 

8. To William Bbockesok of Queen Square, in the count; of Middle- 
sex, gentleman, " improvements in manufacturing fibrous materiala for tho 
cores of stoppers to be coated with India rubber, and used for stoj^ing 
bottles and other TeEseIe."~13th April 1842. 

a. To CBisTorBBH NicsBbi of the Vork Soad, Lambeth, in the count; 
of Suire;. gentleman, " improvements in themannfactureofplutedfabcict.'* 
— I8Ui AprU 1843. 
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. 10. T> J<uut Smith of DMuiton Wodu, lu th« puiak of EUirndpck, 
and coDnt; of Perth, cot(«u-Epiiitier, and Jahbs BitcrakaX of the dt; cf 
Glasgow, merchent, " cerUin improvomentB applicable to the prepuing and 
spinning of cotton, wool, fiax, hemp, and other fibroni substances." — 13lh 
April 1B43. 

11. To MaTHUs Nicolas IiaBochb Bakbb of 5t Hartin'a Lane, in tbe 
coonty of Middlesex, mauufactarer of cotton, " an improTement in the 
tnannfacture of a fahiic applicable to sails and other pnrposes." — 19th April 
1S42. 

12. To Beufeb Partridob of Cowper Street, Finsbiiry, in the county 
of Middlcse^i, engineer, " certain improvements in machinery or apparaliis 
for splitting and shaping wood into splints for the manofactaie of matches 
and other similai forma.'' — 2Qtli April 1842. 

13. To BicBASD DovBR CaAiiEBTON of Dstby, in the county of Derbf, 
gmtl^iaan, " certain improTements in propelling.'' — 3td April 1S4S. 

14. To Thbofbile Anton Wilhelm Count de Hompbscu of Burich 
. Castle, near Aix La Chapelle, in the kingdom of Vrassia, " iinitfOTementB 

in obtaining oils and other products from bituminous matters, and in pan- 
f^ing or rectifying oils obtained from such mkiters." — 23d April 1B42. 

Ift. To John Venablbs of Burslem, in the county of Slaffoid, eartben- 
ware manufacturer, and John Tvnniclifp of Burslem aforesaid, brick- 
layer, " a new and improTod method (d building wid coustrucdng orens 
used by potters and china manufacturers in the firing of thoic nareB."~2Bth 
April 1842. 

16. To WiU-iAU Newton, of the office for patents, 6G Chancery Lane, in 
in the county of Middlesex, civil engineer, being a communication fiWa 
abroad, " an improyed machine or apparatus for weighing raiious kinds «f 
arlicles or goods."— 27th April 1&42. 

17. To Joseph Aitkinson of Brahani Hall, near Harrowgate, in the 
county of York, farmer, "improvemonts in thrashing and winnowing ma- 
chines." — 1th May 1842. 

15. To John Cabr of Nisth Shields, in the county of Northnmbvrland, 
earthenware manufacturer, and Aason Btlbs of tbe sama place, ageA, 

. '' on impcoTcd mode of operating in certain processM for ornamenting 
glass."— Gth May 1842. 

IS. To Henrt Babbon Rosway of Birmingham, in the ccsily (^ War- 
wick, wine merchant, " improvements in the manufactue of herse shoBS."-^ 
12th Mny 1Q42. 

80. To Sir Jakes Uuskay of Uerrion Square, in the city of Dublin, 
Kmgbt,HndDoctorof Medicine, "on improved method of combining Toriote 
materials in a manner not hitherto in use fur the purpose of manure." — 12th 
"May 1842. 

21. To John Georob Bophbb of Manchester, in tbe connty of Lancas- 
ter, engineer, " certain improvements in machinery, or apparatus for clcaji- 
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iog, carduig, roTing, and •pmniug coUou, and other filwona ••bgtanoei.'* — 
I«Ui lUjr 1843. 

S3. To Fbtsb Kaobkbcscb of Wetter on Rhur, in Weat|dutia, in ths 
kingdom of IVuuut, Ajet, now mddiiig in tbe parish of Whitby, in the 
coontj' at York, in England, " an improTemant in the djreong of wool, 
woollen clotlu, cotton, sitka, and other falwics and inaterialH."^L7th H«jlS42. 

33. To Joseph Cmsild Damibll of TirertoQ Blilla, near Bath, " un- 
provements in making and prqiaring food for cattle." — 25th Haj 1842. 

24. To BoDBKT LoQAK of Blackfaeath, in tbe county of Kent, Esquire, 
<' iiBpn>Tanent« in obtunii^ and pc^aring the tUttes and other products of 
the cocoa-nut and ii« hnsk." — 28th Maj 1843. 

25. To Tbomas Hbnrt Bdbmll of Wednesbiiry, in the county of 8laf- 
foid] iron tabe mannfacturer, and Ookvuiuh WH]TeKon«E of Uie »Bine 
place, " unprovemeots in the manu&ctore of welded iron tubiiig."-'38th 
May IMS. 

26. To Thomas Middi.bton of Loman Street, in the borough of Sonth- 
wark, and county of Surrey, engineer, being a communication fcotn abroad, 
t' an inqnoved method of preparing vegetahle gelatine, or liie fat psp«, 
and also an imptOTod mode of ^plying tbe same in the mannfaetare of 
pi^er."— fith June 1842. 

37. To John Bailtok of Blackburn, in the cosnty palatine <if I-ancas- 
ter, machine-maker, " ceitsin imptoveraents in roscbinery, or sgpualeui for 
weaving."— 6th June 1842. 

38. To Thomab HEDLEt of the town and borough of Newcastle-npon- 
Tyne, gentleman, and CirnlBiBT Bodram of Ooteahead, in the county of 
Durham, mtllwrigbt, " an improved ^tparatus for purifying the smoke gases 
and other noxious vapours srisii^ from certain fires, ftoTes, and fnniaces.'' 
—7th June I84X 

39. To John BDnMBi.L the younger, of High Street Whit«clu^l, in the 
county of Hiddlesez, manufacturer, " improvements in tbe manufactate of 
leaves or eheett of bon, commonly called lantem leaves, mid in tbe con- 
struction of bom lanterns." — Bth June 1842. 

a^ To Otto Bottom of Oracechurch Street, in the citf of London ' 

Doctra of Medidno, being a nHumunication from olsroad, " certain improve- 

n machinery, or apparatus for spinning ooUon, wool, and other flbrous 

1."— Uth June 1843. 

3 1. To JoHH BoDLD of Oveoden, in the parish of Halifax, in the county 

of York, cotton-Stunner, " an imj^ovement or improvements in oondnuinf 

—93d June 1843. 



3S. T« John Cox c^ Gorgie Hilts, Edinboigb, tanner and glue manu- 
lactnSBT, "certain improt'ed processes of tanning."- S3d Jvue 1842. 
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7he Glacial Theory andits recent Frogreu. By Lours Adas- 
siz, Doctor ofPhilosophy and Medicine, LL.D. of Edinburgh 
and Dublin, Knight of the Order of the Red Eagle of Prus- 
sia, Professor of Natural History in the Academy of Neu- 
chatel, &c. (Communicated by the Author.)* 

Thbrb are few branches ofnatural science which have made 
such rapid progreas as the subject of glaciers and the phenome- 
na connected with them. When, about six years ago, I invoked, 
for the 6rst time, the aid of a vast sheet of icC) covering the 
wholenorthem hemisphere, in order to explain, on the one hand, 
the transport of the erratic blocks distributed over the southern 
Sank of the Jura, as well as the surface of the north of Ger- 
many, of England, of Sweden, and of Finland ; and, on the 
other, the formation of rounded surfaces, which are often as 
smooth and as highly polished as the finest marble, and on 
which are traced fine parallel lines, resembling those produced 
by the iurin of the engraver, 1 scarcely ventured to hope that 
any impartial minds would take the theory into consideration, 
80 hostile was it to the ideas generally entertained up to that 
tune. The researches on glaciers and their former extension, 
previously carried on by MM. Venetz and Charpentier, were 
scarcely known to naturalists ; and those who were acquainted 

* The publication of' Ihia valuable Hemoic kaa been eomeivhat delayed 
' in coneequence of unforeseen circumetBiices. — Edit, 

VOL. XXXIII. NO. LXVI. — OCT. 1842. F 
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with them, cosostdered the views promulgated as inadmissible. 
The glacial theory, a fortiori, v/as rejected as completely Uto- 
pian ; and, assuredly, there could have been no reason to com* 
plain of this, if it had been merely a speculation elaborated 
in the seclusion of a study, and apart from nature. In the 
midst of the varied productiom: which bear testimony to the 
activity of our epoch in all the domains of science, it is in some 
degree a matter of necessity for a scientific man to engage in 
snch r^earches only as rest on a real foundation. Now, the 
glacial theory, however daring it might seem, was supported by 
numerous facts, which, though but little known, were not the 
less positive. There lay the germ of its fature career ; and 
attention was speedily directed to these facts, as strange as they 
were of general occurrence. Observations were made, re 
searches were carried on, the data of the system were veiiGed, 
and discussions ensued on all sides. In the midst of this con- 
test, the glacial theory has extended itself; and though it has 
not obtained the suf^ages of all, and etill involves many con- 
tradictions, yet the various facta belonging to it have became 
the sabgect of serious study, and, at the present day, there is 
no naturalist who does not recognise their importance. In 
this consists the advantage derived from it by science ; an ad- 
vantage of immense consequence, inasmuch as it promises to 
us prospectively the solution of one of the most beautiful axiA 
extensive problems in the history of the earth. It is no longer 
a mere theory, which is the subject of discussion ; the object 
of research is the connection of a whole series of phenomena, 
apparently very different, but whose relations are evident to 
all observers : these are the erratic blocks, the mounds of loose 
materials, the ancient monunes, -the polished and striated sur- 
faces, the turfaeet moutonniet, the furrowings of rocks in a 
constant direction, and the whole group of remarkable facts 
which an illustrious geologist has designated by the charac- 
teristic name of the erratic phenomenon, ■ 

Since the domain of observation has been fairly entered, the 
investigation has advanced with gigantic strides. The beauty 
of the subject, the vast field which it embraces, the ezciring 
qnestions belonging to it, have awakened on all hands z«al, 
interest, cnriosity, and ambition. There is now not an Bco^ 
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demy, Bot a scientific society, ia whieh the erratic pbeiiom«M»i 
has not been discuaaed and supported by new facts ; and sucb 
baa been the activity displayed by the tavant of every coun- 
try, that the meat succinct abstract of the works and memoira 
on the autgect which hav* appeared witbin the laet two yeari, 
vrould greatly exceed the limits of an article like the prflseat. 
M. de Cbarpentier, in his Sbmox ntrlei Obteieri et le Terraia 
Erratique, has described in detail the traces of ancient glaciers 
in the great valley of the Rhone and its lateral valleys, uid 
also at a multitude of other points in Switzerland ; M. Stnder 
has observed them on the southern side of the Alps ; and Mr 
Martins in the Grisais, The French geologists assembled at 
Grenoble in 1840 studied them in the Alps of Danphiny, and 
made them the subject of their discusmow at the meeting heM 
at Lyons in 1841. The polished roiJia, in partiealar, seem tc 
be very distinct on Mount Cenis, where they have been de>- 
tected by Mr Trevelyan and by Captiuu Le Blanc. MM- Re- 
noir, Hogard, and Le BLanc have continued to observe the 
erratic phenomenon in the Vosges ; MM, Max Brann and X)u 
Rocher have noticed it in the Pyrenees ; and I myself have done 
so in the Black Forest. The Swiss and French Jura has in this 
respectbeenmadetheobjectof continued study by MM. Gresslyi 
Gayot, and Desor, who have proved that the erratic blocks fd 
the Alps extend far beyond the limits assigned them by MM. 
de Buch and Charpentier ; and, lastly, I have discovered er- 
ratic blocks, acc<mipanied by polished and scratched surfaoest 
in a host of localities in the Alps, where they had not pre- 
viously been known to exist. 

The great phenomena of the nwth, although attributed to 
other causes, do not the leaa belong to the same subject ; and, 
unce the investigations of MM . Alexander Brongniart and Sef- 
BtrSm, they have been made the object of continued researches 
by MM. Bothlingk, Nordenskiold, Eichwald, Durodier, Robert* 
Martins, Murchiton, De Vemeuil, and Kaiserling. Finally, the 
American geologists, ^so, have very recently noticed a vast 
net-work of polished rocks and erratic blocks in the United 
States. 

Bat it is more particularly in Great Britain that the moet 
tmexpecteddiaeoveriesbavebeenmBde. Who coold have aup* 
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posed that in these islands, equally remote from the glaciers 
of the Alpa and the ice of the north, traces of th^ action of ice 
should have been found ! And, nevertheless, all the pheno- 
mena which indicate the former existence of glaciers are there 
just as evident, and just as well preserved, as in the neigh- 
bourhood of the glaciers of the present day. England likewise, 
— ^thanks to the activity* and the zeal of her smana — already 
possesses quite a literature on the subject of glaciers ; and it 
would be necessary for me to cite the names of most of the 
geologists of that country, were I to mention all the indivi- 
duals there who have occupied themselves with this question. 

The purely theoretical part of the erratic phenomenon has 
also attracted much attention ; and the discussions to which 
it has ^ven rise in many places, and particularly in the Geo- 
logical Society of France, have contributed, on their patt, to 
render the study still more interesting, by connecting it with 
the great problems of the cosmic system. 

Passing from the geological domain, attention ought natu- 
rally to be directed to the glaciers of the present day, which 
are, in fact, tlie touchstone of the whole system ; for, in order 
to he entitled to call in their intervention to explain the erra- 
tic phenomenon, it is necessary to know, even to the most mi- 
nute details, their actual condition, and their action on neigh- 
bouring bodies. Now, although the researches of naturalists 
smce the time of Scbeuchzer and Saussure have made us ac- 
quainted with the general laws which preside oyer their for- 
mation and their metamorphoses, there is, nevertheless, a 
multitude of details regarding their internal structure and 
their modifications, as c<xmected with the different seasons, 
the import of which is still unknown to us ; and there is even 
a diverfflty of opinion among naturalists on some of the capital 
points. Since the publication of my Etudes svr les Glaciers, I 
have made many additional expeditions to the interior of glaciers 
with the view of answering cert^n objections inade to my theo- 
ry by natural philosophers. I have also resided a second time 
on the Mer de Glace of the Lauter-Aar and of the Finster-Aar, 
in order to study the structure of the ice at all heights and in 
all conditions of the atmosphere, and I hope to be able to con- 
tinue these same researches still longer, — ^thanks to the mimi- 
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ficence of his Majesty the King of Prussia, who has deigned 
to grant me Ms support in this undertaking. 

A study of equally great importance, with reference to our 
theory, is that of the history of glaciers. The chronicles and 
the registers of the communes situated in the high valleys of 
the Alps contain scarcely any thing else but the recital of that 
long struggle hetween man and the rivers of ice ; a history 
sad and melancholy when the enemy gains poEseesion of the 
tract, but joyous and animated when he heats a retreat under 
the influence of a series of warm summers. The same influ- 
ences and the same reactions must exist in the north of Europe, 
and the history of the formerly flourishing colonies of Green- 
land, when it becomes better known, will doubtless tell us of 
some of those extensive changes in the covering of ice at the 
North Pole. 

In the present article I shall confine myself to some details 
regarding the observations I have made since the publication 
of my work ; and, as these observations are of a very varied 
nature, some belonging more peculiarly to the domain of geo- 
logy, and others to that of natural philosophy or of meteorolo- 
gy, I shall divide the subject into two sections, and intend, in 
the first, to treat of the erratic phenomenon properly so called, 
such as I have observed it in Britain. In the second, I shall 
communicate some of the experiments which I made on gla- 
ciers last summer, during my sojourn upon them, and in the 
course of my expeditions ; and the whole will be terminated 
by a short narrative of our residence on the glacier. 

I. The Erkatic Phenouenon. 
I have already said that the most striking discoveries, in re- 
lation to the erratic phenomenon, had been made in Britain. 
The most important facts which I have observed may be ar- 
ranged in three categories :— 

1. The phenomena proper to the interior of valleys. 

2. The dispersion of erratic blocks in plains, at great dis- 
tances from their origin, 

3. Parallel terraces. 

I . The phenomena peculiar to- valley e are almost identical at 
all places where they have been observed. When wo study 
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the arrangement of erratic blocks of certain valleys in Scot- 
land, we feel inclined to imagine ourfielveE in a valley of the 
Swiss Alps. I shall never forget the impression I experienced 
at the sight of the terraced mounds of blocks which Occur at 
the montii of the valley of Loch Treig, whore it joins Glen 
Spean ; it seemed to me as if I were looking at the name- 
roos moraines of the neighbourhood of Tines, in the valley of 
Chamounix. These mounds or ramparts abat against the walls 
of the valleys, frequently forming at the mouths of the val- 
leys a series of concentrio belts, which occur precisely at 
those places where, supposing that the valley had at one 
period been occupied by a glacier, it ought to have termi- 
nated by the terminal moraines pushing against one another. 
Similar mounds are observed at the mouth of nearly all the 
valleys of mountainous countries. The most remarkable tn the 
Britbh islands are, in Scotland, those of the banks of Loch 
Awe and of Xioch Etive, especially in the vicinity of Bunaw. 
ferry ; in England, those of the environs of Penrith and Ken- 
dal ; and in Ireland, those which traverse the road that skirts 
the base of Cuilcagh to the west of Florence Court. The 
latter are more distinct than any that I have seen in the 
United Kingdom. The nature of the blocks composing these 
moraines, proves that they have not come irom a great ^- 
tance ; but that they have been detached from the upper part 
of the valley, and transported by some cause to its extremity. 
It is among these blocks, sometimes of very considerable size, 
that we iind the most angular. Now, if we consider the ar- 
rangement of the valleys, which proceed in all directions from 
the most elevated chains, and all of which present the pheno- 
mena of erratic blocks, and of more or less continuous mo- 
raines, we cannot for a moment doubt, that the cause of this 
transport has extended its effects by radiating from the inte- 
rior of the elevated points of the district ton'ards the pluns, 
This is a fact of capital importance, for it proves that the phe- 
nomenon of transportation is to a certain extent a local phe- 
nomenon, inasmuch us it is connected with the neighbouring 
chains of mountains. Each great group of mountains in Britain 
has thus its system of erratic blocks limited to the extremi- 
ties pf its valleys. It is thus that Ben Lomond on the one 
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hand, and Ben Nayis on the other, have their By stem of blocks 
imlependent of that of Ben Wyvis ; Schihallien and the Grram< 
pians have equally theirs, as also the Peatland Hills, the Che- 
viots between Scotland and England, and the mountmns 
o£ Cumberland and Westmoreland ; lastly, the mountains 
which rise above Belfast, those of the county of Wioklow, and 
Cuilcagh, also seem to me to form so many separate groups, 
as regards the dispersion of their erratic blocks. But these 
relations of the blocks to the chains of mountains are only 
one of the peculiarities of their arrangement ; it is indeed that 
very one which has been least insisted on, and with which the 
defenders of the theory of currents have the least occupied 
themselves ; and yet they ought above everything to have en- 
deavoured to expl^n it, because it includes facts the most con- 
trary to their theory. How is it really possible to attribute 
to an eruption of the ocean, or to the effects of a continual 
aoatiiiMmenl, the dispersion of different groups of erratic blocks 
arranged like a fan around each particular system of moun- 
tains ? How, moreover, is it possible to conceive the exist- 
ence of so many deep lakes, by whose beds, however, all these 
currents must nevertheleBS have passed, in order to perch tlie 
erratic blocks on the flanks of the mountains, rather than ac- 
cnmulate them in the bottom of the T^eys ? 

A circnmatance which further adds to the importance of 
these scattered blocks and continuous mounds, is, that the 
valleys in which they are met with have generally their 
walla more or less worn, rounded, smoothed, polished, and 
scratched. Now, this particular appearance is evidently to be 
attributed to the same cause which transported the blocks ; 
for these two series of facts ue everywhere intimately connect- 
ed tc^ther. 

It was in England and in Sweden that the first polished 
surfaces were observed, and these were everywhere attributed, 
until recently, to the action of great currents, without any re- 
igard being paid to the improbability of a current, or rather 
currents, ^pouting hke springs from the top of all the valleyE, 
and being suf&ciently powerful to convey from their place of 
or^u blocks sometimes of immense dimensions. It can easily 
be imagined, that, at a period vyben almost all geological pbeno- 
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tnena were attribated to the action of water, no endeaTOor 
was made to search for another cause for the transport of er- 
ratic blocks. But if a comparison had been instituted between' 
the polished Burfaces and the effects produced by currents, very 
remarkable differences between them would have been dis- 
covered. As I have said elsewhere, rocks polished by glaciers 
of the present day present surfaces gently rounded, smooth, and 
continuous over large spaces, sometimes even perfectly flat, and 
passing uniformly over the most resisting portions of rocks as 
over the softest, without forming sinuosities or edges. They 
are, moreover, furrowed, in the direction of the movement of 
the glacier, by fiirrows more or less deep and rectilinear, and 
scratched by fine strite, perfectly rectilinear, and evidently 
parallel to one another and to the furrows ; and, when the 
latter offer deviations irom the general direction of the valley 
it is in consequence of circumstances which it is easy to ap- 
preciate. Such arc likewise the polished surfaces remarked 
at the bottom and on the flanks of the valleys which are en- 
compassed by erratic blocks and moraines, even when they 
are no longer occupied by glaciers. But such are not the ap- 
pearances exhibited by rocks worn by water ; although smooth 
they are never polished, and their undulated and sinuous snr- 
faces present hollows or irregular excavations wherever the 
nature of the rock favoured erosions ; no portion of the sur- 
faces worn by currents of water has exhibited to me those 
long rectilinear striae so characteristic of the polishing of gla- 
ciers. These differences between the abrasion occasioned by 
glaciers and that caused by water, are very well explained by 
the difference presented by a current of water, which, while 
it bounds along, follows all the sinuosities of its bed, and a rigid 
mass of ice which advances slowly on account of its consist- 
ence. The conformity which I have already pointed out be- 
tween the aspect of polished valleys whose flanks are chained 
with erratic blocks together with continuous mounds, and whose 
mouths are closed by concentric barriers of blocks, and the 
aspect of the valleys at present occupied by glaciers flanked 
by their lateral and terminal, ancient and recent moraines, 
and whose bottoms are polished, striated, and furrowed in the 
direction of the movement of the glacier ; this conformity, I 
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say, is the principal argument that has caused me to attri- 
bute to the existence of glaciers which no longer remain, the 
pbeni»nena similar to those produced by the glaciers of the 
present day, and which we meet with in so many localities 
far distant irom glaciers. The granitic and porphyritic rocks 
of many valleys in Scotland exhibit poUsbings equally bril- 
liant with those at present observed on the slaty serpen- 
tines of the flanks of the glaciers of Monte Rosa. The 
most remarkable of these polishings that I have seen in 
Scotland are those of the hanks of Loch Leven near Bal- 
lahiilisb, those of Glen Spean opposite Loch Trci^, those 
of Bunaw Ferry, those of Scbihallien, pointed out by Dr Buck- 
land, and those of the neighbourhood of Edinburgh, where the 
late Sir James Hall was the first to observe them. In Eng- 
land, I have seen very fine instances between Shap and Ken- 
dal, and near Ambleside ; and in Ireland, near Donaghadee 
and near Virginia. I shall not here enumerate the numerous 
localities where the pohsbing of the rock has disappeared en- 
tu:ely or in part, but where the form of the surface still attests 
its former existence, but will limit myself to the notice of a 
very curious fact of this kind which occurs on the left bank 
of Loch Treig. We have there a small hill of gneiss, of a 
rounded form, whose surface ia no longer flat, but is traversed 
by veins of quartz, having perfectly smooth and striated sur- 
faces. The contours of these veins are exactly conformable 
to those of the eminence ; they are cut according to the same 
forms, but they are raised two or three inches above the sur- 
■ rounding rock. Precisely the same phenomeDon is to be seen 
near the Hospice of the Grimsel, where veins of quartz, hav- 
ing a polished surface, traverse roches moulannSes of gneiss, 
whose surface has been rendered rough by the action of the 
atmosphere. The projection of two or three inches of the 
veins of quartz on the hill on the banks of Loch Treig, evi- 
dently indicates the amomit by which the neighbouring sur 
face has been lowered by the decomposition of the gneiss, sines 
the time when the quartz was polished, and the whole emi- 
nence rounded. 

Limestone rocks are equally polished in a multitude of lo- 
calities i but the most remarkable instances are in Lancashire, 
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and in the vicinity of Florence Coart in Ireland. I have al- 
ready said that the ntoundi of blocks, and the poUfihed rooka, 
are every where found to be intimately connected together ; 
bat I do not mean to say tiiat polished rocks are not met with 
where there are no moands, and that monnda are not met 
with where there are no polished rocks ; for it may happen 
that the rocks on which the ancient giaciers moved were, in 
certain localities, very little calculated to retain the polish, 
and that they may have loGt their original lustre, while the 
mwaines composed of rooks of the elevated portions of the 
valleys still exist on their flaalcs. It is thus that we see very 
beautiful examples of mounds and ancient moraines in Glenary, 
above Inverary Castle, although there are no polished rocks 
in the immediate vicinity ; and it is thus that the magnificent 
moraines of Cuilcagh, near Florence Court, are not accom- 
panied by polished rooks, in consequence of the facility with 
which the solid rocks of that locality are decomposed. On 
the other hand, we frequently see beautifully polished rocks 
without moraines ; and this is especially the case with the 
very abrupt walls of narrow valleys, where the blocks have 
fallen down at the period of the retreat of the ice, and have 
reached the bottom of the valleys without resting on their 
flanks. In such instances, instead of presenting the form of 
nlortunes, the blocks are scattered irregularly oyer the sur- 
face. We have an example of thia on the northern walls of 
Loch Etive. 

Dr Bnckland and Mr Lyell, receiving the interpretation 
that I have given of the facts quoted abort, have also ob- 
served a multitude of localities which, joined to those that I 
have myself visited, form a very extensive net-work of tracoa 
of ancient glaciers, stretching over the largest portion of 
Scotland, a large part of Ireland, and the whole north of 
England. 

II. Litpertion o/ erratic blocks inplaint. — The phenomenon 
of erratic blocks and polished rocks is not limited to the 
chief groups of mountains, but is seen extending over the 
whole surface of the country where it presents itself; with 
this difference, that in the lower regions it assumes peculiar 
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ehaneters, diffoeent tnra those which I have deKribed aa be- 
longing to mountains and their valleys. 

Joet aa the erratic pfaesomenon ii looalized in the vicinity 
And in the interior of mountains, so does it exhibit oniform 
characters in the low country and in flat regions, covering 
vast tracts whose limits cannot with preoiaion be referred to 
determinate centres. Blocks are seen extending from one 
mountain-chain to another, across coQBiderable depressions of 
the surface ; the accumulations of blocks transported from one 
place to another are no longer arranged in linear continuous 
series as in the valleys, where they form mounds or ramparts, 
which are moraines properly so called, but they are dispersed 
irregularly over the surface ; the nature of the rocks mixed 
together in the«e accumulations no longer indicates an origin so 
limited aa that of those moraines even which are at the mouths 
of the valleys. The dispersion of these blocks in diiterent 
countries has not hitherto been described with suffioient care, 
and more particularly the erratic angular blocks with a rough 
surface have not been sufficiently distinguished from those 
that are rounded, policed, and scratched. There are, how- 
ever, very Important differences in this respect. In Switzer- 
land, for example, we nowhere meet with lar^e blocks, whe- 
ther angular or round, whose surface is rubbed, polished, and 
scratched with rectilinear strise, at great distances from their 
origin. Whatever may have been the cause of the transport 
of the erratic blocks of the Alps and the Jura, it always hap.- 
pens that the great mass of the large blocks have arrived 
there with rough surfaces and well marked angles, and that 
the pebbles ctf smaller dimensions alone are worn, rounded, 
polished, and scratched with rectilinear strite. We may 
easily convince ourselves of this fact by walking along any 
part of the Jura duiin. Another peculiarity worthy of atten- 
tion is, that with as the large angular blocks generally repose 
oa the more or less considerable masses of rounded and po- 
lished pebbles, and that these latter often pass into a fine 
sand or a clayey paste, which covers directly the polished sur- 
faces of the solid rocks wherever the pluvial water, the melt- 
ing snow, and the torrents reenlting from it, have not oaosed 
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tbem to disappear. This arrangement ia very well seen in 
the enrirong of Nenchatei. 

The state of matters is by no means the same in BritMn, 
and more particularly in Scotland. There the erratic blocks 
of all dimen^ons are, in certain circunkstances, rounded, per- 
fectly smooth and polished, and eren scratched with-reciilmeiiF 
stria?, like the polished solid rocks — a feature only observed 
in the smaller pebbles in Switzerland. It is not to be under- 
stood that there are no large angular blocks in England and 
in Scotland; but there b this distinction to be made, that 
these blocks are generally not far distant fi«m their natnral 
position in tilu, or that they are in small number compared 
with those which have evidently been acted on by a prolonged 
mechanical operation. But this is not all ; far from being 
found lying at the surface of the ground, the large blocks are 
for the most part heaped up in a confused manner along with 
the smaller ones of all degrees of size, from the dimension of 
the smallest pebbles to the col(»sal volume of the laigest er- 
ratic blocks, in a deposit of clay unequally distributed over 
all the low portions of the country. This deposit of clay, 
which is of very unequal thickness, and exhibits no trace of 
stratification, is what is termed liU in Scotland. There is no 
locality in which I have been able to study the till more com- 
pletely than at Glasgow, where the numerous works carried 
on in 184,0 for the embellishment of the town had exposed it 
at many points ; but everywhere it presents ti>e same charac- 
ters ; tJie rounded, polished, and scratched blocks of very va- 
rious dimensions, are every where indiscriminately mixed to- 
gether in a marly or clayey paste. It is evident that it was 
with tiiw mass, and in this mass, that the rounded and polish- 
ed blocks have been transported during the whole journey 
which they have performed together, while the angular blocks 
have certainly not been mhbed in this manner. Mr T. £d- 
ington has, to the advantage of geologists, brought together, 
in his park at Glasgow, a magnifioent collection of these po- 
lished and scratched blocks from the neighbourhood of the 
town. 

Differences of this description in the facts observed at dif- 
ferent localities, are an additional difficulty for all thoM who 
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endeavour to explain them by means of cmrcnts. How, in- 
deed, can it be now seriously pretended that a current can 
convey blocks in such a manner as to rub, round, and scratch 
one set of them, without their being heaped up according to 
their weight, and without their being covered by regular 
beds of finer materials, while the others remained angular, 
and retfuned their unequal and rough surfaces ? These dif- 
ferences are very favourable to the glacier theory, which ex- 
plains them in a manner that is quite naturaL 

Let us return to the glaciers of the present day, and we 
shall find in some of the phenomena presented by tbem the 
greatest analogy to the arrangement of erratic blocks, as I 
have just described it. When a glacier moves, it wears and 
rubs the bed on which it reposes; scratches the smoothed 
walls ; triturates the detached masses which are interposed 
between Hie ice and the rock, and reduces them to sand or to 
an argUlaoeous paste ; rounds the blocks, which are of an an- 
gular form, and which offer resistance to the pressure ; and 
polishes completely those which have broad sides. At the 
surface of the glacier, matters proceed in quite a different 
manner. The fragments of rock which are detached from 
the neighbouring walls, and which fall there, rest upon the 
ice, and are at most thrown oat to its edges. They thus ad- 
vance with the glacier without being displaced, or nt least with - 
ont being rubbed against one another, excepting those which 
have become interposed between the rock and the ice, and they 
arrive at the extremity of the glacier with their angles entire, 
their edges sharp, and their surfaces irregular. Let us suppose, 
now, that, in consequence of certain circumstances, one of 
those immense glaciers chained with debris of rocks, such as 
the lower glacier of the Aar, or the glacier of Zermatt, should be 
melted, and it would result that all the angular blocks at the 
surface of the glacier would repose on the irregular nlaas of 
rounded debris which at present lies under the ice. Some of 
these blocks would likewise be carried to a great distance on 
rafts of ice, if the melting were sufficiently rapid to cause eur- 
rentscapable of floating large masses of ice charged with blocks. 
If we suppose, on the contrary, that a glacier or a large sheet of 
ice, like that which extends over the Col de St Th^dnle, were 
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Bot ctnunaBded hj rnxmeraaa monntain peaks, t^n fbw onto 
Bngular blocka would fall on its Burfuce, but the rounded 
blodu wtdameath -would not the less be [vewnt. If we boa* 
gine that, ia such a case, particular droonurtancea aboold also 
occur to eaoH the meltutg of the ice, there would then b* 
fbind Bt tbe botb«B an irr^^ar deposit of ronnded blocks, 
imbedded in the more coaimitnrted m^eriaU, along witti ■ 
few angular blocka above — in short, to the rer; lettw, a^sort 
of till. In this case, again, the melting of the ice would give 
rise to currents ; and the more considerable these currents, 
the more they would contribute to operate farther on the mft' 
terials already acted on by the glaciers, whether by convey- 
ing to a distance the lighter portions, and depositing them in 
regular stratification, or by penetrating them more or leas, 
and giving them a false appearance of stratification. We ae* 
tually observe something of a similar kind, on a small soale, 
in the oscillations that occur at the extremity of glaciers 
which sensibly advance and retreat ; as, for example, under 
the extremity of the lower glacier of the Aar in the Orimsel'' 
grand ; and. among the localities where glaciers no longer 
exist, I may cite the lower extremity of Loch Treig, and the 
neighbourhood of Muckaim, between Loch Awe and Loch 
Etive. 

In order to explain the whole of the facts relative to the 
erratic phenomenon, in the limits within which they have hi' 
therto been observed, it is sufficient to admit that the polar 
ice formerly extended as far at the North Pole as it now ex- 
tends at the South. Thus, then, if the influence iduch has 
established the diffwence that exists at present between the 
extent of the ice at the two poles be a periodical infiuence, 
and if it describe one of those cycles of long revolution, whidi 
astronomers have been enabled to determine, we can not only 
conceive the possibility of a cold in our regions sufiBdently 
intense to produce all the phenomena which 1 have desoribed, 
but may even be able to determine its date and duration. I 
shall not rq>n}duce here my general theory of the periodical 
refrigeration of our globe, for that would raise useless discoft' 
Biona in a field which the light of observation has not yet suf- 
ficiently illuminated i I shall only cite one iact, ^riueh tend* 
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to mske tu suppose diat there reslly existed m the North h 
eoTwing of ice, whose sonthem limits in Europe, at a certain 
epoch, reached about 50° N, Lat. I allude to th&t belt of 
blocks observed by Russian geologists (see the letter from M. 
de Mejendorf to M. Elie de Beaumont*), which extends 
across the centre of Russia, by N. Nowogofod tomvdi I^ia^ 
as br aa ihm caa&an of Silesia. It seems to me much more 
natoral to regard this limit as an itopagetic line (une ligne 
uopaffStifue\), than as the southern limit of a ouirent coming 
from the North, and charged with blocks ; and this so much 
the miwe, because the phenomenon of the transport of the 
Scandinavian blocks extends not only into Russia and Ger- 
many, but reaches the eastern coasts of England. In attri- 
buting this effect to the action of a current, it would thus be 
also necessary to imagine a fan>shaped current ; whereas a so- 
lid limit, doriDg a certain time, ofa covering of ice as extensive 
as that of the South Pole, obviates all the difficulties presented 
by such a phenomenon, such as the contiuuity and the regula- 
rity of the outlines, the uniform furrows of the polished sur- 
faces of the North, the passage across tiie Baltic and the North 
Sea of the blocks which lie on the surface of Gennany and 
of England, &c. In a second zone of blocks, more to the 
north than the first, and observed likewise in Russia, to the 
south of the White Sea, and of the lakes of Onega and Ladoga, 
we have a direct proof of the successive and slow retreat of 
this covering of ice, a second isopagetic line more remote than 
the first. If this covering of ice really existed, it must at 
lost have retired beyond the northern limits of the British 
Idands, after having enveloped them partially or entirely ; but 
so long OS the nwthem ice had not retired to its present limit, 
the climate of Europe must have been colder than it now is, 
and, even when the primitive ice had abuidoned the plains. 
groups of glaciers must have remained in all mountainous 

* ArcbiTfUrWiBBenEchaftlicheEunde vonBussUiid; TonEnnan. Ber- 
lin, 1B4I. 

t Uh wnytrn, that ia to taj, of sqnal ice ; in iome mbm OM uvtiUrau of 
the ontlin« of the northam coveiing of ice ; bnt aa the limita of thia anoiait 
ice do not coincide with the iaotbemtal lines. I h&ve been obliged to ^lo- 
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countries. Hence it (q)peftr6 naturi^, that during the retreat 
of this covering of ice, there must have been a period when 
the mountains of Scotland were the focus of numerous glar 
ciers, which at first descended from their summits into the 
plains, but afterwards occupied only the interior valleys, be- 
fore disappearing completely. 

There would thus be two very distinct periods to be p^ti- 
cularized in the epoch of the existence of ice in the north of 
Europe, — that during which the general covering enveloped 
the region, and that when glaciers existed only in the high 
valleys. The dispersion of erratic blocks over great spaces, 
across considerable depressions of surface, the formation of 
the till, the furrowing and uniform siriation of the polished 
rSets'of Sweden and of Finland, seem to me the chief phe- 
nomena which have been produced by the northern covering 
of the epoch of ice. The differences which exist as to the er- 
ratic phenomenon between the north and the centre of Europe, 
appear to me to be susceptible of easy explanation by the 
differences of latitude and of the-^onfiguration of the surface. 
In Britain, the ice, at the time of its greatest estension, 
seems to have covered completely great tracts of country, 
and consequently rendered the fall of blocks on its suirfaee, 
if not impossible, at least extremely rare ; so that the great 
mass of the blocks was necessarily buried under the ice, and 
was therefore subjected to all the effects of a gradual and 
long, continued trituration, just as b observed beneath the gla- 
ciers of the present day. Mountains of considerable eleva- 
tion in Scotland — Schihallien, for example — have then? sum- 
mits as polished as their flanks ; whereas in Switzerland there 
exists a Kmit, at about 9000 feet,* in the centre of the Alpsi 
above which the summits are no longer polished, but where 
the rugged peaks present a very striking conb^ist to the 
lower surfaces, which are polished, or, at least, moutonHe8.f 



* All the meunremenU given in this paper are in piedt de Roi, ox French 
feet ; and the temperatnrea are all indioated in ce&tigirade degrset, atileas 
vrhere other measurements or other degrees are special]; mentioned. 

t Vidt the Comples Bcndns de TAoadenue des Sciences, 1842 ; Unaa 14, 
p. 412. 
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In the exterior chains of the Alps, the polishing does not 
reach to a greater height than 6000 or 7000 feet. It cannot be 
doubted, thtit this limit, which is so well marked, indicates the 
level of the bed of ice at the epoch of its greatest thickness. The 
rugged peaks, which esceed that height, thus rose like islets 
in the midst of this sea of ice, and the blocks which were de- 
tached from them fell on the surface. Not being confined in 
narrow valleys, but the whole vast sea of ice being open to 
them, these blocks were not liable to be knocked against one 
another in their progress towards the lower districts, and it 
is thus that they could be transported as far as the Jura, with 
their surfaces rough and their angles prominent; whereas, the 
matters which were beneath the ice, were triturated, polished, 
rounded, and scratched. Now, if in Smtzerland, the limit of 
the great mass of ice extended as high as 9000 feet in the Alps, 
ond if it oscillated between 4000 and 5000 feet in the Jura 
which no longer presents glaciers, what is more natural than 
to admit, taking into account the geographical porUon of the 
localities, that, in Scotland, the great proportion, if not the 
whole, of the surface, was entirely under ice during the whole 
duration of the glacial epoch. Hence the majority of the de- 
tached blocks of the Scotch mountains must have been trans- 
ported under the ice, and consequently rubbed, rounded, 
polished, and scratched. I say the majority, for it is probable 
that some were detached when the ridges were free from ice, 
and when the valleys alone were occupied by glaciers ; and 
these latter have necessarily remained more or less anguUr, 
and have retained their rough surfaces, just like the blocks of 
the moraines of the glaciers of the present day. Foreign 
blocks, whose origin is not British, and which were doubtless 
transported on the surface of the great sheet of ice, or on rafts 
«f ice at the period of its dissolution, ought to be angular, 
and, for the most part, are so in reality. In this way, the form 
of erratic blocks implies, in some degree, at firstsight, their mode 
of transport. lam able to add, as a confirmation ofwhatlhave 
said as to the form of the erratic blocks of Scotland, that the 
blocks of the Jurassic rocks, which we meet with in the dilu- 
vium of the interior valleys of the Jura, are all rounded ; a 
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proof that they have beea tr^sported under ice-; and in fact 
this ought to be the case, because the polbhed rocks furnish 
us with the proof that the sheet of ice covered nearly uU the 
summits of the Jura. 

The melting and the retreat of the ice seem to me to have 
caused) at different times, according to the climatological cir* 
cutiistances, all those deluges, more or less extensive, of which 
records have been sent down by tradition and history. It is 
doubtless to these inundations that we must also attribute the 
dislocation of a large portion of the moraines, especially of 
those that, by their position, were not beyond the reach of the 
currents, which, by acting on the detritus at the bottom of the 
sheets of ice and of the glaciers, have given it, in many locali- 
ties, a stratified appearance ; so much so indeed, that we might 
be deceived as to the origin of these detrital matters, and attri- 
bute their rounded form to the effects of great currents, as has 
often been erroneously done. I do not believe that I deceive 
myself when I affirm, that whenever rounded blocks, lying in 
accumulations of gravel, stratified or unstratitied, are scratched 
by long rectilinear strise, their aspect is due to the action of 
the rubbing of glaciers against their beds; and that currents, 
in acting subsequently on these same matters and rolling them, 
could not but cause these characteristic marks to disappear by 
the friction. I therefore regard the rarity of scratched peb- 
bles and blocks, in a deposit of stratified gravel, as a proof 
of a longer transport by water, and tiieir total absence as a 
proof of an action due exclusively to currents ; whereas, the 
complete absence of stratification in the accumulations of 
gravel and blocks uniformly rounded and scratched, seems 
to me to be the exclusive effect of glaciers. Lastly, these cha- 
racters may he combined when such accumulations are the com- 
bined effect of the two causes, as may have been the case on 
maritime shores, where the glaciers of neighbouring moun- 
tains terminated at the coast. It must likewise not be for- 
gotten, that sometimes small lakes are formed on the flanks of 
glaciers, in which the matters triturated by the glacier are de- 
posited in regular beds, without being carried very far. It is 
of consequence to keep all these facts in view, when we study 
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the .formations which geologists have termed diluvium, wA 
whose various phenomena have hitherto been erroneously, 
attributed to one single cause, — currents. 

It appears to rae probable, according to the facts which I 
have been able to combine ib considering this question, that 
the oi^^zad beings of our epoch were created successive!}', 
after the commeQcenwnt of the retreat of the ice. Wherever 
the surface of the ground mvA» its appearance between tlje 
glaciers, under the influence of a milder dimate, — ^wherever, 
yielding to the temperature, the ice produced pools of water, 
— the development of organized beings might take phee ; and 
direct observation has already confirmed what the theory re- 
(juired. Mr Smith of Jordanhill was the first to point out in 
the post-tertiaTy clays, which are superior to the till (that is to 
say, which have been deposited posteriorly to the accumula- 
tion of those masses of gravel and rolled blocks in the mud 
under the ancient glaciers), numerous fossils of species that 
no longer esist similarly associated on the neighbouring 
coasts ; he has even ascertained the identity of some of those 
shells with species which have hitherto been observed only in 
the Arctic seas. A fact so unexpected did not fail to excite my 
curiosity in a high degree, and I have ever since been un- 
remitting in my endeavours to compare these fossils with 
living species. Assisted by a collection of liTing species fropi 
Greenland, which I owe to my friend Professor Eschricht 
of Copenhagen, I have not only confirmed the first impres- 
sions of Mr Smith, but have further found among the |bssils 
of these clays a much larger proportion of Arctic species thaa 
could have been expected. Extending this species of researcl) 
to the most recent fossiliferous deposits of other parts of 
Europe, I have every where met with a certain proportion of 
species whose types no longer exist in a living state in the neigh- 
bouring seas, but at 12° or 15° of latitude more to the north, 
Thus, while the shells, which are now found in lat. 65° to 70' on 
the coasts of Iceland and Greenland, where the mean tempera- 
ture is several degrees below zero (32° F.), lived in lat. 55° to 60° 
on the coasts of Scotland and of England, where the mean tem- 
perature at present is + 8° (46°, 4 F.) ; the species of the coasta 
of England and of the British Channel which now live in lat. 50<* 
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to 85°, liyed in Sicily in lat, 35° to 40° ; or, in other words, when 
the climate of Greenland extended its frosts beyond Scotland, 
when the mean temperature of the British Islands, in place of 
heing ahove + 8° (46° .4 F.) cent., scarcely reached zero, the 
present climate of England, and of the north of Germany, 
prevailed in those parts of Europe which are now the warmest, 
and where the mean temperature exceeds + 16° (60° .8 F). 

I shall afterwards public the details of these observations, 
when they embrace a basis sufficiently complete to form an inti- 
mately connected whole ; it is sufficient, for my purpose at 
present, to have indicated the principal results of these re- 
searches, which con6rm the opinion of the former existence 
of a climato much more rigorous than that which now exists 
in Europe, by proofs independent of those derived from the 
traces of ancient glaciers. Now, a climate so different, could 
not have exbted without exercising a marked influence on 
organic life ; and it is thus that the Arctic faunas, in our tem- 
perate regions, confirm as fully the existence of ancient gla- 
ciers, as the presence of these same glaciers explains the 
existence of northern animals ; and, nevertheless, the facts 
which establish the presence of the one, Iiave nothing in com- 
mon with the facts which prove the presence of the other. 

III. Parallel Terraces. — Tlie third order of facts is that of pa- 
rallel terraces. This phenomenon is too well known to require 
description. Justly valued memoirs have delineated these ter- 
races in full detail ; and the publications of MaccuUoch, of Sir 
T. Dick Lauder, and of Mr Darwin, are so well known, tlmt I 
shall contine myself to the task of establishing the connection 
which I conceive there is between these facts and the existence 
of glaciers in Scotland, without discussing the various theories 
that have been proposed for their explanation. When I visited 
the parallel roads of Glen Roy with Dr Buckland, we were con- 
vinced that the glacial theory alone satisfies all the exigencies 
of tho phenomenon ; and, as this locality is the best known of all 
those where parallel terraces have been observed, I may limit 
myself to this example for the explanation of all the others. 
The flanks of Glen Roy and Glen Spean exhibit horizontal 
and continuous terraces one above the other, wluch preserve 
completely their parallelism throughout their whole extent. 
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notwidistaiiding tbe numerotis sinuosities of the TaDeys. The 
upper part of Glen Spean, as far as the part opposite Loch 
Treig, presents only one of these terraces, which gurrounds 
Loch Laggan, and is prolonged round Loch Treig. This same 
terrace extends along the left side of the valley nearly down 
to the Bridge of Roy ; on the right side it penetrates into 
Glen Roy, of which it makes the round, following all its sin- 
uosities, and, continuing always at the same level along the 
lower part of Glen Spean, it terminates, on this side also, op- 
posite the Bridge of Roy. It is worthy of remark, that the 
level of the col, separating the valley of the Spean, which runs 
to the west, from that of the Spey which runs to the east, is 
only a few feet above that of this first terrace. As far as Loch 
Treig, the valley of the Spean is surrounded hy one terrace 
only ; but lower down there are two others at different levels ; 
which follow, in the same manner, all the sinuosities of the 
lower part of Glen Spean and of the whole of Glen Eoy ; which, 
taken at equal elevations, correspond perfectly on hotii sides of 
the valley ; and both of which likewise terminate at the same 
point as the first, but at different levels, viz. near the Bridge of 
Roy. The first, or the least elevated of these three terraces, is 
972 English feet above the level of the sea ; and, as it is hori- 
zontal, its height above tbe bottom of the valley depends on the 
point of observation. The second is 212 feet above the first, and 
the third 82 feet above the second. It is to be remarked, that 
the two upper terraces make the round of Glen Roy, whereas, 
in Glen Spean they do not extend higher than the opening of 
the valley of Loch Treig. 1 noticed them on the left side of 
Glen Spean between Loch Treig and the Bridge of Roy, a^i 
well as on the flanks of Glen Roy ; and I mention this particu- 
larly, because they are not indicated at that point in the maps 
which represent their position (Plate IV. Fig. 1), It is evi- 
dent that these terraces indicate levels of water. The next 
enquiry is, if the barriers which restrained these lakes have 
disappeared, or if the valley has been elevated at different times 
above the level of the water ? The perfect horizontality of 
these terraces, at three different levels, appears to me irrecon- 
cilable with the idea of a repeated soulevement of the sur- 
face. The ablation of a rocky barrier seems impossible, with- 
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out the influence of & cause which would, at the same liine, 
have occasioned the disappcaraoce of terraces having so little 
coDsisteiice ; whereas, iii a country which presents so many 
traces of ancient glaciers, the supposition of a great glacier, 
ilescendiiig from Ben Nevis, and shutting up the valley of the 
Spean, by resting on Moeldhu, which is opposite, combined 
with the influence of a glacier issuing from Loch Treig, and 
which would bar the valley a Second time at that height, 
would explain all the facts. The glacier of Loch Treig, of 
inferior size to that of Ben Nevis, would, first of all, be low- 
ered at two different times, after having for a certain period 
maintained the water contained between the two glaciers at 
the level of the two upper terraces. During these two lower- 
ings, the waters would run to the east, proceeding by the val- 
ley of the Spcy, owing to the inconsiderable height of the col 
which separates that valley from Glen Spean. Whenever the 
glacier of Loch Treig disappeared completely, the water would 
be able to extend to the end of Glen Spean, and likewise in- 
vade Letch Treig ; which explains the continuity of the lower 
terrace, while the two upper ones terminate abruptly opposite 
Loch Treig. Afterwards, when the great glacier of Ben 
Nevis no loiiger reached Moeldhu, the waters would run to 
the west, and water would remain only in the hollows which 
are now occupied by Loch Treig and Loch Laggan. The 
sudden termination of the three terraces, on the two sides of 
Glen Spean near the Bridge of Koy, will likewise be under- 
stood from this explanation. The supposition now made is 
confirmed by a fact which there is no othei* mode of account- 
ing for: viz. that the bottom of Glen Spean in front of Loch 
Treig is not only polished with tliat polish characteristic of 
gfaciers, but b moreover scratched transversely, that is to say, 
at right angles to the direction of the valley, by a cause which 
evidently proceeded from Loch Treig. I do not believe that 
a locality exists, where the facts indicate, in a more special 
manner, the cause which has produced them. The horizontal 
terrace of Glen Gloy is susceptible of a very natural explana- 
tion by a glacier issuing from the valley of Loch Arbeig, 
crossing Loch Lochy, and damming up Glen Gloy above Low 
Bridge, This supposition would also clear up the difference 
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of level between the terrace of Glen Gloy and those of Glen 
Roy, and would obviate the necessity of imagining sou^i^cefflenx 
of the neighbouring valleys, which communicate i& tbe sfune 
manner with the ocean, and do not neverthfeleBS exhibit any 
trace of terraces. 

In following up these facts in all their variety, we are easily 
enabled to explain the numerous terraces which we meet with 
in Scotland, by supposing barriers of ice at the mouths of the 
valleys ; whether it was that the lateral valleys closed them 
by their glaciers, as at the Bridge of Roy, or that the waters 
of the sea, by heaping up ice on the coasts, offered a tempo- 
rary obstacle to the running off of the waters of the land, or 
intercepted large sheets of salt water. The presence of an 
Arctic fauna, in the deposits superior to the till, which might 
be formed in these creeks of the sea, would thus present no- 
thing hut what is quite natural. 

In order the better to understand the explanation I have 
given of the phenomena of Gflen Roy and of Glen Spean, I 
shall now endeavour to compare them with what would take 
place in the valley of Chamounix, if the Glacier det Bosons, or 
that of Taconay, by extending a little farther than it now 
does, had barred the valley in such a manner as to interrupt the 
passage of the waters of Arve, and force them to flow off by the 
valley of Trient (Plate IV. Fig 2). A lake would thus be formed 
above Chamounix, of which the level would leave some traces 
on the flanks of the valley ; but, when the glacier wits no longer 
80 elevated as the height of the Col des Monfett, the water would 
flow to the west, as at present, forming terraces as often as it 
was maintained for a certwn time at a fixed height. To ren- 
der this comparison still more striking, let us suppose the case 
where a second glacier, as, for example, the glacier des Bois, 
also shut up the valley ; then, as tn the instance of Glen Roy, 
there would be between the two glaciers a lake, whose waters 
would first of all descend to the east over the least elevated gla- 
cier, and would not acquire their natural direction to the west 
until the two glaciers disappeared, and the bottom of the valley 
was free. Ice, cast on the coasts of Holland at the present day, 
and interrupting the dispersion of the sand transported by the 
Rhine and by the Scheldt, ^yoijld every where reproduce the 
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HhenomeDoii of strntified fo^siliferoos deposits and of parallel 
terraces, such as we find so frequently in Scotland. 
't It was in Scotland that I acquired precision in my ideas rer 
garding ancient glaciers. The existence in that country of so 
considerablo a network of these traces, enabled me to appreT 
ciate better the geological mechanism of glaciers and the im- 
portance of many facts of detail obser\'ed in the neighbonr- 
hood of those which now exist There, also, I was able to ap- 
preciate the influence exercised on these phenomena by the 
vicinity of the sea, and to distinguish the effects due solely to 
the waters of the sea from those where the ocean and glaciers 
were in contact, and from those produced where the glaciers 
never reached the sea. Who would now deny that glaciers 
formerly possessed ia many localities an infinitely greater ex- 
tension than at present ? Who would reject the idea that the 
cause of this cold has been general, and attribute to local causes 
effects so difl^used over the surface of the globe \ And if these 
conclusions must be admitted, who does not perceive that phy- 
sical theories must undergo some modifications before they 
can be made to embrace the whole phenomenon which Ihave 
described \ It is thus that the study of facts in detail always 
reacts on general ideas ; while, in their turn, theories, in order 
to be supported, forcetheir partisans to the investigation of new 
facts. The activity ofmindthatis engendered by the contests 
to which researches of this kind always give rise, is probably 
the greatest enjoyment afforded us in this world. 

II. Reseakchbs on ExisTiNO Glaciers. 

The chief question in the glacial theory is undoubtedly that 
of the motion of glaciers ; it is the keystone of the arch of the 
edifice, for it includes at the same time the solution of the 
phenomena of the present time, and of those which occurred 
before our epoch. It is well known that opinions have hither- 
to been divided as to the progression of glaciers, and that mauy 
geologists, refiising to admit the theory of dilatation, still de- 
fend the opinion of Griiner and of Saussure, which maintains 
that a glacier slides along its bed. 

In my Etudea aur lea Qlackra, I have entered fully into the 
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reasons which caused me to reject die theory of Saussure, 
and to deny the caeltmg action of terrestrial heat on the hot- 
torn of a glacier. This negattOD leads to a consequence of 
great moment for the theory of the motion of glaciers, the 
immohilitj of ghtciers in winter ; and it does so in the fol- 
lowing manner : — If, as I suppose, the motion of glaciers 
be really produced by infiltration and the daily congelation of 
the rain-water or of the water resulting from the melting of 
the superficial ice, glaciers ought to be stationary so long as 
there is no water at their surface, conseqaeutly during the 
whole winter, because they are destitute of water at that sea- 
son. If, on the coDtrary, it he the terrestrial heat, which, by 
melting glaciers at their base, produces partially or entirely 
their sliding movement, this action ought to he perceptible 
at ail periods of the year, independently of the seasons and of 
the oscillations of the temperature of the atmosphere ; and if 
this last be the case, glaciers ought to furnish water during 
the whole year, in winter as in summer. Saussure himself 
followed this train of reasoning ; and in order to arrive at a 
solution of the question, he went during winter to the valley 
of Chamountx, and witnessed the escape of pretty considerable 
streams from the arched terminations of glaciers, although 
they were less abundant than in summer. Thenceforwaid 
the pomt appeared to him to be settled. It was too cold 
for the sun to have the power of melting the ice ; else- 
where, the whole country was buried under a thick crust of 
snow. It was, therefore, there could no longer be any doubt, 
the terrestrial heat which melted the glaciers beneath. Ne- 
vertheless, one reflection could not but present itself: if we 
consider that glaciers generally occupy the bottom of deep 
valleys, we must admit that it is there where the springs 
which circulate in the interior of the mountains ought to have 
their exit. The presence of water does not then prove abso- 
lutely that it results from the melting of the glacier. On tlie 
other hand, if the action of terrestrial heat exercise its in- 
fluence in winter as in summer, it ought to do so on all gla- 
ciers, and not one of them should he dry. Further, the wa- 
ter of glaciers has a peculiar character, which distinguishes it 
fixim spring-water ; it is alwa^'s mixed with earthy matter, 
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which it carries off from the bed of taud or of gravel that is 
interposed between tlie glacier and the rock. If it be really 
glacier-water which escapes from glaciers in winter, that wa- 
ter ought to possess these qualities ; whereas, if it be spring- 
water, it ought to be clear and limpid, from where it begins 
to run. 

It was of importance that I should myself examine on the 
spot the value of his reasoning ; and it was with this view 
that I visited, in company with M. Desor, the glaciers of the 
Bernese Oberland, at the beginning of the month of March 
last year (1841), a period when winter reigns supreme in 
the High Alps. We selected the glaciers of the Aar and 
of Rosenlaui as the field of our observations, and proceeded 
towards the Hospice of the Grimsel, by ascending the fine 
valley of HassH, which was still entirely covered with snow. 
The Aar, above Meyringen, was reduced to a small stream, 
the water of which was much clearer than in summer, — a cir- 
cumstance which led us to suppose that it was chiefly, if not 
entirely, composed of spring-water. Bridges of ice traversed 
the bed of the river at a multitude of places, and as they were 
very thick, we were able to cross them in perfect safety. 
Above the height of 4000 feet, there only remained but a very 
small thread of water. The snow had frequently a thiclcness 
of 10 feet ; the great and beautiful cascade of the Handeck 
had disappeared ; and, on examining the beds of gneiss form- 
ing the precipice over which the water is precipitated in 
summer, we saw with astonishment, that they had partially 
preserved their projecting angles, and were not at all worn, 
as we should have supposed they must have been, especially 
when we remember that the Aar transports an enormous quan- 
tity of gravel. I insist on this fact, because it proves that if 
the water which has struck with violence against these rocks 
for a long series of ages, has not succeeded in rounding them, 
it is impossible to understand how we can attribute to the ac- 
tion of water the polish and the rounded form of the flanks of 
this same valley, at places where the inclination is much less 
considerable, and the valley much less contracted, and where 
the current must have acted with a proportionably much small- 
er degree of violence. It may perhaps be objected that these 
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projecting angles are the result of a recent Ml of rock, as in 
the case of the Falls oC Ni^aro, ahd that the water has not 
yet had time to round them ; but we must attend well to the 
fact, that we hare not here to do with stratified rocks, like 
those of Niagara, but With a very compact gneiss, which is 
very obscurely stratified, and which, consequently, is not at 
all liable to breaking down. 

At the Grimsel the snow was still thicker than at the Han- 
deck ; the bed of the river was entirely filled, and the glacier, 
as well as its moraines, were concealed under the snow. We 
were hot deterred, however, from visiting the Hdlel det Neu- 
e/ifitetois, which is situated at a distance of more than two 
leagues above the extremity of the glacier, and at a height of 

'7500 f^et. I 4)orrow from the yet unpublished narrative of 
our expedition by M. Desor, some passages which will give an 
ideEl of the aspect of those regions in winter, and of the obsta/- 
cles against which we had to struggle, and will, at the Same 
time, report the observations we were enabled to make.* 

" The distance from the Handeck to the Grimsel is only two 
leagues, but as the snow became always more abundant as we 
advanced, we could not hope for an easy road. The most dif- 
ficult places were the woods of young pine trees. The bed of 
snow which covered them was unequally distributed, and when 
we accidently stepped near one of the trees, we were immersed 
up to the waist ; an occurrence which, on each occasion, caused 

"very fatiguing shocks. At Raetherischboden, the last en- 
largement of the valley, a small thread of water occupied the 
bed of the Aar ; but the water was so pure that, from the first, 
we supposed that it must come &om some spring, and not from 
the glacier. It did not carry along with it any of those plates 
of mica whose presence gives to the water of glaciers that 
sparkling appearance and that milky tint which characterize 
it. 
" The last league seemed to us the Imtgest Hie heat and 



* The DarratiTe fcom wbich H. Aguaiz extracts tbia paaasge bu been 
pubUehed, since the present memoir wa«wrilteD, in the Bibliol/iique Univer- 
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the difficulties of the road had so exhausted us, that we were 
obliged to repose several times in order to recover our breath. 
At length we heard the barking of the dogs of the Hospice. 
It was, as it were, a friendly voice calling us to be of good 
clieer. We felt our vigour reanimated by Uiis encouraging 
sound, and in a few moments afterwards, we saw making their 
appearance, on the mountain which rises above the Orimsel, 
the keeper of the Hospice, accompanied by his fine New- 
foundland dog, Barry. 

"A small traffic of exchange is carried on between the 
Valais and the Hassli, which is not enUrely discontinued dur- 
ing the winter, and of which the Grimsel is the warehouse at 
that season. The Hasslians bring their cheese, the Yalaisans 
their wine, their brandy, and various kind& of provisicms, 
among others, rice, which comes from Italy by the Simplon 
or the Gries. The two parties stop at the Hospice, sleep 
there, and are at home next day, carrying with them cheese, 
if they descend to the Valais, and wine and brandy, if they 
return to the valley of Hassli. It is for the purpose of facili- 
tating this communication that the keeper of the Hospice is 
bound to have a man and two dogs at the Grimsel during the 
whole winter, and likewise to place ptcquets on the whole 
mountain of the Grimsel between the Hospice and the Valais, 
to point out the path to travellers. 

" It is unnecessary to remark, that, to allow of this commerce 
being carried on in winter, the weather must not be too se- 
vere, for it would be madness to attempt such a journey in the 
midst of snow or wind. Thus the Grimsel, at such a time, is 
altogether solitary, and the keeper told us, that during the 
winter of 1839-40 be had passed thirty-five days without see- 
ing a human figure. ' This long isolation,' he added, ' seemed 
to me so painful, that, on perceiving the first traveller who 
passed the Grimsel, I threw myself on his neck, embraced him, 
and offered him a bottle of wine.' The dogs here are at least 
as important as the men for watchmg, on account of the ex- 
treme delicacy of their senses, and especially of that of smell. 
All the guides assert that in serene weather, and especially in 
winter, they detect the presence of a man at the distance of a 
league, and Jaun assured us, that an hour before our arrival, 
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he had already remarked, from the inquietude of Barry, that 
some one was approaching the Hospice. 

" Those who have visited the Grimsel in summer will doubt- 
less remember, that, in order to enter the vestibule, it is ne- 
cessary to ascend a stair about seven feet liigh. Now, to ^ve 
an idea of the quantity of snow which was accumulated round 
the house, it is sufficient for me to state, that, in place of atcend- 
ing to the vestibule, we descended there by a stair which Jaun 
had cut in the snow. The lake of the Grimsel was completely 
invisible, for an uniform bed of snow extended over it, and 
did not even allow its limits to be recognised. But the stream 
which issues from it, although more abundant thaii we should 
have expected, was only visible in the interior of the building, 
whose floor it traverses. It is well known that the spring 
which gives rise to this lake, like many other springs in the 
Alps, is a thermal one. We were not, therefore, astonished 
to find the water at some degrees above zero (32' F.) We 
were subsequently assured by M. Zybach that the lake never 
.freezes, whatever the degree of cold may be, and that even 
the enormous bed of snow does not rest on a crust of ice, but 
extends over the surface of the water ; and he added, that, 
on sinking a rod through the snow, the water spouted to the 
surface. We were entirely ignorant of this peculiarity, or 
we should not have failed to investigate it. Perhaps other 
naturalists may find an opportunity of doing so. 

" The first thing we did on our arrival was to place our 
thermometers. M. Agassiz sank a minimum thermometer 
in a hole pierced iu the snow to a depth of five feet, while 
another thermometer was fixed at the surface. We were as- 
tonished to find that at seven o'clock in the evening the tempe- 
rature of the air was not lower than — 4° C. (+ 24° 8 F.), al- 
though the sky was perfectly serene. We were very desirous 
to ascertain the humidity of the atmosphere, but, to our great 
vexation, our hygrometer had been broken during our journey, 

" We went to bed at an early hour, immediately after sup- 
per ; having decided to start for the Ahschwung the following 
morning at four o'clock. Our guides made us still hope tliat 
perhaps the cold of the night might be sufficiently great to 
cause the snow to bear as, which would considerably facilitate 
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Ota walk. At three o'clock we were up, and while Jacob pre-- 
pared the coffee, we exatained onr thermometers, and saw, to 
our great disappointment, that the cold was &r from being so 
intense as we imagined ; for, as daring the preriovs smamer, - 
we bad on serene nights, seen the thermometer descend to 
-5° and G" ( + 23° and 21°^ F,), we expected to find it now at 
— 12° or 15° (+ 10''.4 or 5° F.), or even lower. In place of 
that, the temperature of the air was— 2° ( + 28.4 F.), and the 
thermometrograph which was sank in the snow indicated— 3° 
( + 26°,6 F.). To what cause are we to attribute this siagular 
state of the temperature ? We asked Jaun if it happened 
often that the nights were so mild, and he replied, that, for a 
long time past, it had not been so cold as formerly. Notwith- 
standing this temperature, the snow bore us while we de- 
scended the declivity which leads from the Hospice to the, 
bed of the Aar. We now looked forward to the prospect 
of proceeding with light steps over the hardened crust, and 
of scaling the edge of the Racier with equal facility ; but . 
we had scarcely advanced a few paces in the valley, when 
we arrived at a place where the crust gave way under our 
feet. Under this superficial crust the snow was very fine, 
dry, and powdery, and we sank sometimes with the one 
foot, sometimes with the other, generally up to the knee. 
We attempted to regain the flank of the valley, but tliis 
w&s still worse. It was necessary for us, nolens volens, 
to be satisfied with advancing very slowly. We had to 
endure a double punishment ; in the first place, on account 
of our impatience, which could not be reconciled to snch a 
mode of progression : and in the second place, owing to onr 
knees, which suffered from the constant repetition of the shock 
against the superficial crust, each time we went down. In 
the mean time, day made its appearance, after having been an- 
nounced by a sensible diminution of the temperature ; and the 
sight of the summits becoming gilded one after the other, still 
further augmented the provoking annoyance caused by our de- 
testable path. There is nothing more painful for a man who 
is conscious of possessing a certain degree of energy, than to 
feel himself yielding to the pressure of physical obstacles. I 
was conscious of my strength becoming exhausted at every 
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step I made, and I was impatient at seeing Agaseiz taking 
the lead. On no other occasion had I ever felt the slightest 
jealousy, because I should have had the conviction, that, by 
means of a little effort, I could have made up to him ; hut 
now, on the contrary, I was obliged to confess my weakness, 
and was therelx>re deeply mortiiied. 

" We could have concluded from the aspect of the gla- 
cier, as seen from a dbtance, that no stream escaped from 
it, or at least that it was not visible externally, owing to the 
thickness of the snow. We encountered the last traces of 
water near the hut of the shepherd, in front of the gorge of 
the Oberaar, at a place where the snow was moist. Its 
temperature was at zero, and it proceeded, according to all 
appearance, from those springs which flow in summer on the 
polished Banks of the valley, and give rise to small marshes 
which here occupy the left ftank. The cascade of the Triib- 
tensee and the torrent of the Oberaar had disappeared, and 
their bed was only indicated by immense stalactites of ice, 
suspended on the rock. But what interested us most, w^ 
the outline and the form of the glacier itself. If the glacier 
had continued to move and to increase during the winter, it 
ought to have left traces of that movement ; and as the 
snow accumulated at its extremity had fallen some months 
before, it would have been gathered together in a forward di- 
rection, or at least some swelling would have been perceptible, 
immediately in front of the terminal edge. In place of that, 
the snow presented a regular talus, such be is formed by the 
snow where it has been driven by the wind against the flanks 
of valleys. 

" It was seven o'clock when we reached the edge of the gla- 
cier, and we had thus taken two hours to accomplish what 
in summer never occupied more than 40 minutes. I was 
dreadfully fatigued, and I had had so many and such repeated 
falls, that my knees were quite galled. I declared to Agassiz 
that I should proceed no further. If the plain had seemed so 
difKcutt, what would it not be when we shouhi arrive upon 
the glacier ! But notwithstanding my remonstrances, Agassiz 
was determined to persist ; and he represented to me, that 
the crust could not ful to he softened vben the sun had act^ 
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for some hours on its surfaee, and that our journey would 
then be much less laborious. These and other reasons in- 
duced me to attempt the ascent of the terminal edge of the 
glaner, which we found much less difficult than we had 
figured to ourselves. The snow had rendered the slope much 
more gentle than it is in summer ; for not only was there no 
trace of the moraine to be discovered, but even the inequalities 
and the very considerable notches of the extremity of Uie gla- 
cier had completely disappeared. We saw no vestige of the 
stream. Having arrived on the sur&ce of the glacier, we 
found here and there blocks whose tops emerged from beneath 
the snow ; but their lower sides were alone visible, for the 
surfaces directed to the upper part of the glacier were invari- 
ably concealed by a covering of snow.— a proof, that, in winten 
as in summer, the previuling winds are from the west, parallel 
to the axis of the glacier. Having found the surface of the 
glacier more practicable than the plain, we decided on con- 
tinuing our march, with the intention of retracing our steps 
afterwards. Our guides did not g^ve us much encourage- 
ment, for they knew no better than we did the state of the 
glacier in winter. Our march was still very slow and ardu- 
ous, as may he well supposed ; but we did meet with por- 
tions where the snow was bearing. We then experienced 
extraordinary relief, and, in spite of fatigue, we ran like chil- 
dren upon the hardened surface, until the snow anew gave 
way under our feet, and again calmed our ardour. At about 
a third of the distance between the extremity of the glacier 
and the Hotel des Neuchatelois, we met with an enormous 
block supported on several pedestals, and covering a pretty 
considerable hollow, at the bottom of which we perceived pure 
ice. . It wa^ of importance for us 'to ascertain the state of 
the ice of the glacier. Having descended with due precau- 
tion into the hollow, we saw that the block covered the 
widened extremity of a crevasse, which penetrated to the right 
into the interior of the glacier, and whose walls exhibited that 
same magical reflection which is observed during summer ; the 
azure appearing to us even more brilliant than usual, doubtless 
because this was the only point where we were able to see it. 
We were thus assured that the crevagees are not filled wth 
snow, hut only covered by an arch more or less thick.~ -©»?[,, 
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guides aBsnred us, that the w(df r disq>peared from those cre- 
vattea which coDtmned it during summer, either by its flowing 
away or becoming frozen. Let it not be objected, that this ia 
quite natural, and that it is useless to mention it. It fre- 
quently happens that, in summer, the mean temperature of 
several consecutive days is some degrees below zero (32'" F.), 
without the water of the crevasses being frozen ; there is only 
a pellicle of ice formed, which covers it during the night, and 
disappears during the day. A circumstance which inclines 
me to believe that the water they contain during the summer 
freezes rather than runs off, is, that, on the glaciers, we have 
on several occasions met with circumscribed portions of ice in 
the fonn of an ellipse, which had completely the appearance 
of congealed baignoires. The ice was full of air-bubbles, but 
its surface was perfectly smooth ; it was extremely hard, and 
more brittle than usual. The bubbles were pretty uniformly 
distributed, and were nearly of an equal size, affecting in ge- 
neral an elougated and pyriform shape ; but we did not re- 
mark any of those vertical laminae of varied colour, to the 
study of which M. Agassiz means afterwards to devote parti- 
cular attention. Subsequently we did not find any example 
of ice so full of hubbies, except on the last summit of the 
Jungfrau, It would be extremely difficult, in the present state 
of our knowledge, to point out the cause of these differences. 
Up to tlie present time we have only obtained very imperfect 
data regarding the modifications to which ordmary ice is sub- 
jected under the influence of atmospheric agents ; and, as to 
the modifications which glaciers undergo in the interior of 
their mass, at different periods of the year, these are as yet 
entirely unknown. 

" We were scarcely able to recognise our glacier of the 
Aar, BO varied and animated in summer, under the uniform 
bed of snow. The great medial moraine itself was more or 
less effaced, and only formed a longitudinal ridge, whose 
flanks were much less inclined than in summer. We first of 
all reached the northern fiank, and when we had passed over 
about a third of the glacier, we crossed to the southern flank, 
at the point where the moraine is considerably swollen. We 
there saw, to our great satisfaction, that our route improved 
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more and more. The snow -was much more compact, so 
that even when its external cmst yielded, we did not sink 
Tery far. There was no longer any doubt of our arriving at 
the Abschwung. But another inconvenience came in the 
place of the difficulty of walking, and that was the intensity of 
the light. In proportion as the son attained a greater eleva- 
tion, its rays were reflected with such power by the millions 
of crystals of this vast snowy region, that the blue glasses 
with which we were provided became insufficient; and in 
order to remedy this, and to preserve the skin of our faces, 
we were obliged to envelope our beads in a double veil, under 
which we breathed as if we had been in the middle of sum- 
mer. It was not without some astonishment that we here 
met with a small butterfly, which fluttered around us. It 
i.ijoaied to be perfectly at its ease, and was, according to 
M. Agassiz, the species named Vanegaa urtictB (La petite 
TortueJ. 

" It was eleven o'clock when we arrived at the height of our 
old dwelling, and we were very much astonished at not being 
able to discover the Hotel des NeuchStelois. Was it possible 
to conceive that the immense block, which was seen from so 
great a distance in summer, and whose summit had so often 
reanimated the courage of our visitors, had been entirely in- 
terred in the snow t At last, after having sought for it on 
all sides of the moraine, we descried at some distance a swell- 
ing in the snowy ridge, and this proved to be our hotel. It 
was entirely covered by snow. On one side only we saw one 
of its walls uncovered for a space of some feet ; but, in order 
to penetrate into the interior, it wonid have been necessary 
to clear away an enormous bed of snow, which would have 
occupied a great deal of time, and we therefore preferred re- 
posing on the snow. Agassiz was in very high spirits, re- 
joiced to find himself, in such magnificent weather, in the 
midst of that sea of ice which he had made the scene of his 
observations. In truth, the spectacle which we had before 
us was of an unique character. It appeared to us, that we 
had never seen the air so transparent. The outlines of the 
mountfuns were delineated on the blue back-ground of the sky 
with a precision never witnessed in summer. Ail the peaks 
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which boun<l tlie glacier were clothed with snow frotn tbeir , 
base to their summit; and the Finsteraarhorn alone was black 
as in Guminer, for its walls are too precipitous on the side next 
the glacier, to allow of the snow^K^rin^to them. As to the 
glacier itself, it really did not exist for us at that time ; for 
we had nothing else before us but an immense extent of very 
uniform snow, which wanted the magic charm given by mo- 
raines, as well as the crevices with their brilliant tints, the icy 
cascades, and the thousandrills of watermth their harmonious 
murmur, all of which constitute the delightsof thesceneinsum- 
mer. The two rods which we had introduced the preceding 
autumn into the holes that had been bored, and of which men- 
tion will afterwards be made, were elevated only a few feet 
above the surface of the glacier ; but they had preserved their 
respective positions, and were both nearly vertical ; — a proof 
that the superficial beds of the glacier had not since that period 
advanced in an unequal manner. We then ascended to the 
Abschwung, and saw that the snow had completely filled up the 
£pace between the rock and the tUvi. We estimated the thick- 
ness of the bed of snow at that place at 30 feet. At noon, we 
returned to the Hotel des NeuchStelois ; and as I felt myself 
indisposed, I decided on returning with a guide. Agassiz re- 
mained for the purpose of making some observations on tem- 
perature. His object was to ascertain if the temperature of 
the snow was the same as at the Grimseh With this view, 
he introduced into the snow, at a depth of 8 feet, the same 
thermometrograph, taking care to close the hole. After twd 
hours, the instrument indicated — 1°.6 ( + 25^.7 F.X the air 
being at + T (+ 33°.8 F.). 

" The descent seemed to me as easy as the ascent had ap- 
peared difBcult. We sank about half a foot ; but the snow 
was firm, less powdery than in the morning, and slightly 
moist, which considerably facilitated our walking. It is 
not so much the thickness of the snow, as the inequality of 
the surface, that produces fatigue in these walks, and it does 
so by causing unexpected jerks, which are always annoying. 
I did not fail, whenever I met with an eminence which cast 
a shadow, to measure the temperature of the air, and I was 
much surprised to iind, tliat the thermometer almost invarta> 
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bly remainecl about zero (32' PT) On one occasion only. I saw 
itascendto + 1°(+33\8F.) M. Agassizniade the same ob- 
servations, and obtained the same results. I ought tcadd, that 
these observations were made at aHeigbt of tiiilyone foot above 
the surface. It was impossible for us, from want of shade, to 
place the thennometers in a higher position, so that we could 
not determine, in an exact manner, the influence of the radia- 
tion of the snow. In the sun, the heat was excessive ; and 
therefore we not only made no use of our cloaks, but, in order 
to be more at our ease, took off our coats and waistcoats. 
The necessity of keeping on our double veils was, in these 
circumstances, a real punbhment. I attempted several times 
to remove them for a few moments, in spite of the advice of 
the guides, and afterwards I could not too much repent hav- 
ing done so, if it was to that cause that I had to attribute the 
miseries of the succeeding night. 

"Agassiz rejoined us at the Hospice of the Grimsel about 
four o'clock. I had, in the meantime, prepared abowl of punch, 
by means of the essence which we always took care to have 
in our possession ; and I need hardly say, that this drink, in- 
vented expressly for icy regions, appeared to us a real luxury. 
When we were all seated round the table, in the small low 
apartment, which serves as a shoemaker's workshop, we ex- 
perienced a lively satisfaction in recalling the most trifling 
events of the day ; and, proud of our success, we formed a 
thousand projects for the future. It was then, among other 
plans, that we conceived, for the first time, the idea of at- 
tempting the ascent of the Jungfrau. Jacob had prepared the 
supper, which, like that of the preceding evening, consisted 
of rice soup, salt mutton, and chamois steaks. This last dish 
was not, I m'ist allow, very juicy ; but as it was of chamois, 
we were obliged to regard it as deliciouF. 

" We soon went to bed, in order that we might be able to start 
at a very early hour in the morning ; but we had scarcely re- 
posed an hour or two, when I experienced the most violent 
pain in the face. My head seemed on fire, and I felt my checks 
swelling and my face cracking. In vain I sprinkled myself 
with cold water — I suffered the agony of a martyr. Agassiz 
awoke a few minutes afterwards with a deep sigh. I am in 
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gr«at pain* he ttaid ; my lips feel as if they were torn in pieces ; 
what can be done to assuage this suffering ! For a moment 
we thought of going out and immersing ourselves in the snow, 
but reflecting that such a romedy might produce serious eon- 
seqnences, we resolved to endure our misery tUl the morning. 
It was a terrible night for us. Towards the morning the pain 
gave us a little respite ; we reposed a few hours, and when we 
rose, we could not restrain our fits of laughter, on looking at 
each other. Are you aware that you have the appearance of 
a cretin f saiil Agassiz. Have the goodness to ask for a look- 
ing glass for yourself, I replied. Our faces were coloured 
purple, and liorribly disfigured ; I could scarcely open my 
eyes, so great was the swelling of my eyelids ; and Agassiz 
had his lower lip excessively swollen and pendant. Never- 
theless, we decided on starting the same day. Our thermo- 
meters gave us the same results as on the preceding day ; that 
is to say, the tiicrmometrograph, at a depth of five feet in tlie 
snow, indicated — 3° ( + 2C,6 F.), and the thermometer in the air 
stood at + 2° 5 (+ 36.6 F.), at eight o'clock in tho morning." 
It is apparent from this description, that the water which 
existed in the neighbourhood of tho Grinisel was spring-ivater ; 
and what provesthatthcglacierof the Aar hadnotmovedfora 
long time, is the fact that the snow was not gathered together 
at its extremity. We also observed the same continuity of the 
snow at the extremity of the glacier of Rosenlaui, and our 
guides assured us that the snow is never seen collected to- 
gether by the ice in winter, as is the case with the gravel and 
the turf in summer, nhen glaciers are advancing. Every 
thing, therefore, concurred to convince me, that glaciers do 
not move in winter. The glacier of Rosenlaui, furnishes me 
with another proof of the same thing, and in the following 
manner : This glacier terminates at the edge of an abyss into 
which tlie torrent, escaping from its extremity, is precipitated 
in summer. Such a circumstance could not but be very fa- 
vourable for my researches. I found, as I bad foreseen, the 
terminal edge of the glacier exposed; not a drop of water 
escaped from it, for, if there had been only a few drops, these 
must have found their way to the edge of the uncovered hol- 
low. I am well aware that it may be urged, that perhaps this 
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water lose»i itself in the inteiior of the rocli) by flon ing into a 
crevice or a cavern before reaching the extremity, and that, 
conauqucntly, the absence of water at the terminal edge does 
not prove its total absence, any more than in the case of other 
glaciers. But supposing that it were so, the glacier ought at 
least to be moist at its bottom ; for, assuredly, if tlie melting 
ciiused by the earth took place in winter in spite of the exter- 
nal temperature, it is not a glacier descending so low as that 
of Kocenlaui, and consequently surrounded by a warmer at- 
mosphere than many others, which ought to be the exception 
to the general rule. Now, I convinced myself that Uie whole 
bottom of the glacier was frozen to its bed, and consequently 
timt all movement was impossible. I believe myself therefore 
entitled to affirm as a thing demonstrated, thai ^iaciert are 
tlaliouary in Ktiiter, that the water which escapes from them 
is spring- water, and that it is not at all the result of the melt- 
ing caused by terrestrial heat For, as has been already 
remarked, if that melting really took place, it ou^t to occur 
in all glaciers, and not a single one ought to be dry. 

1 took advantage of this winter encursion to make another 
experiment relative to the formation of polished Burfaoes, — an 
experiment which, 1 believe, will not be devoid of interest for 
future researches. It is known that I attribute polished and 
striated surfaces to the action of ancient glaciers which for- 
merly covered the localities ; and I do so, because they are com- 
pletely identical -ivith those met with under existing glaciers, 
and along their flanks. At first a pretence was made of not 
assigning any importance to these polished surfaces, which were 
attributed to various causes ; and M. de Charpentier himself, 
in his last work, seems to have allowed himself to be intimi- 
dated by the criticisms of opponents, for he says, " If there 
were no otlier facts to adduce in favour of the diluvian gla- 
ciers, but these marks of attrition and these furrows, the ob- 
servation of M. MoHSson (who attributes tliem to currents), 
might be well founded."* But since that time facts have 
spoken for themselves ; and they have been more eloquent 

• J. d« ChBTpentier, Etsoi iut lea QUn«r*. p. VS. ' 
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than the most beautiful theory coald be. There is now no one 
who ventures to dispute the importance of a pheDomeuon so 
generally distributed ; but some geologists, refusing to adoptthe 
glacial theory, have pretended that the polished surfaces, on 
which glaciers of the present day repose, are not the result of 
the action of glaciers, but have been prodnced by a cause an- 
terior to their existence. This opinion has nothing probable 
in it, because, in the Alps, the phenomenon is too intimately 
connected with glaciers to be regarded as independent of 
them ; but it would be of importance to have an experimental 
proof of this. As all the glaciers of the Bernese Oberland 
are at present in a state of increase, I conceived the idea of 
making an accurately determined mark at a place which I 
supp(%ed would soon be invaded by the ice. For this purpose, 
I caused a comer of the glacier to be removed ; and it was by 
this means that I assured myself that the intermediate bed of 
mud and of gravel was so frozen as to be incorporated with 
the rock. We succeeded, however, in uncovering the surface 
of the rock ; and we then cut out in the polished rock, at a 
place whose position was accurately ascertained by means of 
fixed points, a triangle, having a base of about a foot, from 
which we removed the rock to the depth of half an inch, hav- 
ing rendered the surface as rough as possible. If, as I have 
no doubt, it be really the glacier which poliiihes the rock, this 
triangle ought to be repolished and striated within a cer- 
tain number of years. We have no idea of the time re- 
quired by a glacier to polish its bed, but it is probable that the 
duration of that time varies according to the weight of the 
masses, and according to the nature of the rock ; and, as the 
bed of the glacier of Rosenlaui consists of a black limestone 
sufficiently susceptible of being acted on, we may hope to ob- 
tain a result more speedily than if the rock had be^i gneiss or 
granite. 

I had hoped that the glacier would soon have invaded anew 
the place we had uncovered in the month of March ; but I 
was a little disappointed when I visited our glacier vrith 
Messrs Forbes and Heath in the month of August following, 
to see mj triangle still exposed. The glacier had advanced, 
it is true, but on its left side, while the right flank had to ■ 
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mained stationary. We cut out a second but smaller triangle 
under the ice itself, at a distance of 17 feet 5 inches from the 
lirst, and I hope to find both covered by the ice next sum- 
mer. 

Another objection which has been made to my theory is the 
fttUowing. If, as you say, the temperature of the glacier is con- 
stantly at 0° (32° F.) and under it, how can it be conceived that 
the water should remain liquid and penetrate into the interior of 
tha mass ! Will it not Ireeze by the simple contact of the 
ice t The action of the dilatation ought, therefore, to be con- 
lined to the surface, and ought not to produce any effect on 
the inferior beds of the glacier. This reasoning is undoubt- 
edly just, but those who have made use of it as an objection 
here m^ntain a physical necessity which does not exist in na- 
ture, when they suppose that the infiltrated water, which ac- 
quires the temperature of the glacier by being introduced into 
it, must necessarily freeze when its temperature descends be- 
low zero. Because all ice has a temperature at least as low 
asO°, it does not follow also, that water cannot exist below 0'. 
It will suffice to mention here, the experiments of Professor 
August,* which have demoustrated that water can be pre- 
served in a liquid state, t» vacuo, at — 12° ( + 6° F.% and 
even at — 13°6 R ( 4 S'ST F.). According to that author, 
no shock, however violent, can produce congelation under 
these circumstances at a temperature of — 2°.5 R ( + 28°.6 F.) 
Now, may it not be the same with the water which penetrates 
into the interior of the glacier ? But science ought not to 
rest satisfied either with possibilities or probabilities, when we 
have to do with a phenomenon accessible to our researches ; 
and the question can only be determined in a definitive man- 
ner by direct experiment. I had, in other respects, so much 
the more interest in obtaining information on this subject, be- 
cause, last summer, having reached no deeper than 25 feet in 
my boring attempts, the results which I obtained might, to a 



* Poggendorff's Anualen, toI. Iti. p. 181; and e>lracliit BibliothE^ue 
Univeisellc de Oen^ve, lQ41,p. 191. 

See nlao Profeaiior Kriea in PoggeudoriTs Annalen, 1841, Ko. 4 ; and 
in Edinburgh New Philosophical Jonrnal, vol. xxslj. p. 198. — Edit- 
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certain extent, have been attributed to the influence of the 
temperature of the external air. 1 therefore went a second 
time, in the month of August last, to the same glacier of the 
Aar on which I had lived during the preceding summer. On 
this occasion I i-emained more than a month including some 
more or less distant excursions (from the 8th August to the 
lOth September), having been accompanied by several Iriends 
who were naturalists, some of whom had been with me during 
the previous years. Messrs Forbes* of Edinburgh, and Heath 
of Cambridge, likewise spent nearly three weeks with me at 
the Hotel des Neuch&teloig. Afterwards, my friend M . Escfaer 
de la 2>inth, took an active part in our labours. I passed 37 
days altogether on the glacier, during wliich time I succeeded 
in sinking the piercer to a depth of 140 feet. As it is the 
first time that an attempt has been made to penetrate to a 
great depth into the interior oS a glacier, it may not perhaps 
be uninteresting for my readers to be informed of the mode 
of procedure followed, and the results obtained. 

The attempts which I made the previous year, bad shewn 
me that a glacier could not be so easily pierced as one 
would at first suppose. I looked fonvard with pleasure to be- 
ing able this year to observe the phenomena presented by the 
glacier at its contact with the rock. I communicated my new 
projects to M. Koehli, engineer at Bienne, and we were con- 
vinced that we should employ iron piercers like those used in 
the construction of artesian wells. M. Koehli was good 
enough to entrust me with his own piercer, which is 150 feet 
long. It was, he said, the greatest depth which I could reach 
by piercing with the band ; while a larger piercer would have 
required considerable scaffolding, and an outlay of money 
which would greatly have exceeded my pecuniary resources. 



■ Noln-itlistanding the painful disputes wliich aflenvardE arose reupcct- 
ing certain phenomena in the strncture of glaciers, whoso diecoverj wrb 
claimed bj Professor Forbes, I an far from regretting our residence lo- 
geCbeT on the glacier ; and if snj thing coutd console me for the vexation 
I experienced on this subject, it is the thought that the visit of that gen- 
tleman to the Hdtel des Neuchltelois, bos contributed to diffuse more 
widely iu England and Scotland the knowledge of the mechanism of 
glaciers. 
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. As, however, tbe thickness of glaciers is generally estimated 
' at from 80 to 100 feet, I Loped to reach the bottom of that 
of the Aar with this boring apparatus. In order not to be 
stopped by unforeseen difficulties, I took with me M. Koehli's 
foreman, who was entrusted with the direction of the bor- 
ing operations. The piercer was composed of ten bars, an 
inch in diameter and fif^en feet long ; the cutting portion of 
the various /eitr£/« was three inches, three inches and & half, 
five inches, and six inches in diameter. All the bars, as well 
as the other instruments c<Hinected with the piercer, such 
as the keys, cuillers, ropes, &c., were carried by men from 
Meyringen to the Hospice, and thence to our hut on 
the glacier, that is to say, to a distance of ten leagues from 
Berne. I established myself, along with my companions, un- 
der the same block which had sheltered us the preceding year, 
and which is now known to tbe scientific world by the name 
of the H6tel ties NeucliAteloU. It is a large block of mica-slate, 
forming a part of the moraine which descends from tbe flanks 
of the Scbreckhorn, at a league higher up. Its length is 41 
feet, its breadth 30 feet, and its height 19 feet. One of its 
angles projects in the form of a roof on the south-west side. 
It was this place which we again chose on this occasion as a 
shelter. 1 had sent some days previously two of my guides 
to the glacier to prepare our abode. They found the walls 
which had been constructed tbe previous year completely dis- 
located by the movement of the glacier. The space, however, 
which they contained, would not have been sufficiently large 
for our encampment of this year. The hut was therefore re- 
built, and arranged in such a manner as to shelter eight per- 
sons. The kitchen was prepared in front of the entrance to 
the hut, and the store-room at the side, under another block. 
The guides constructed for themselves a second hut on the 
left side of the glacier, at the distance of half a league. It 
wa£ not, like our own one, built on the ice, and, in this respect, 
it was more solid and less precarious ; but ours had the advan- 
tage of being situated in tlie middle of the glacier, at the most 
favourable point for our observations. 

As soon as we were fairly settled in our hut, I commenced the 
boring operations. In the previous year I had tried two kinds 
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of instrumeota, a piercer with two teeth, and one with » fituret 
having four teeth ; but I soon perceived that the latter inetru- 
moot had the disadvantage of grindiog the ice too violently, 
.which often rendered it extremely difficult to draw it out. 
This year I bad only brought simple chiseb of different diame- 
ters, and another instrument having the form of an inverted 
funnel, with circular and angular edges, which our miners call 
a couronne, and of which they make ose in piercing very soft 
subetanoes. At first, and to a depth of 40 feet, this instru- 
ment worked very well, but afterwards it became necessary to 
give it up ; for, although its edges were very blunt, yet the 
weight of the rods becoming always greater, caused it to be 
too firmly fixed in the ice, and rendered its withdrawal a 
matter of infinite difficulty. We therefore exchanged it for 
simple chisels. 

I had remarked that the piercer acted better when the hole 
was filled with water than when it was dry ; and, accordingly, 
I took care to place the bore in communication with one of 
the ntuneroug rills ai water which Bowed over the glacier. 
This had, moreover, the advantage of enabling the borers to 
dispense with the necessity of emptying the hole every minute ; 
for all the splinters of ice which the piercer detached at tlie 
bottom of the hole, came up of themselves to the surface, 
merely owing to their smaller specific gravity, and they were 
carried away by the current. But this proceeding had like- 
wise tts inconvenience ; for, as I wished to make daily obser- 
vations on the temperature of the interior of the glacier, I was 
obliged to cause the bore to he emptied every evening, which 
was a pretty long operation. 

In this manner, a depth of 70 feet was reached. The 
piercer then began to become too heavy, and the chief borer 
proposed to me to construct a tripied above the hole, and to 
fix to it a pulley, on which a rope was to be passed, to which 
the piercer should he attached. He hoped by thb means to 
bore more rapidly, and with less trouble. The operations 
were on this account suspended for several days, during which 
my people went to the valley of Ha^sli, to procure young fir- 
trees for the scaffolding. When th» tripied was prepared, 
hey transportgd it to the glacier. It was now intended to 
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proceed with renewed ardour ; but what was our BnrpriEe, 
when we were about to introduce the piercer into the hole, 
to find that it would no longer enter. We then remarked 
that the hole had become contracted by half an inch, and we 
had no other course left but to recommence anew. We re- 
quired three days to reach the depth of 70 feet, at which we 
had left the bore. For my own part, instead of regretting 
this loss of time, I rejoiced at the circumstance, for I had 
thus obtained the most manifest proof of the dil.ttation of the 
glacier to a considerable depth. The contraction was not 
merely superficial, but extended as far as the bore did ; and 
it could not be the result of the water congealed along its 
walls, for care had been taken to remove the little stream- 
lets, and I had caused the few inches of water which accu- 
mulated at the bottom of the hole, in consequence of transu- 
dation, to be taken out every evening. 

One day the workmen felt the piercer escape from their 
hands, and fall down two feet. They were then at a depth 
of 110 feet It was evidently an internal cavity which had 
been encountered, and a certain quantity of air-bubbles were 
soon seen arriving at the surface, after having traversed the 
column of water which filled the bore. Unfortunately I was 
not near at the time, and the bubbles of air, whose nature it 
would have been interesting to ascertain, could not be col- 
lected. But the fact is of itself not the less important, be- 
cause it furnishes us with the proof that there are cavities in 
the interior of glaciers at very considerable depths, and in 
places where the surface does not exhibit any trace of a large 
and deep crevatte. The splinters which were detached by 
the piercer, and which ascended to the surface, had the same 
appearance and the same hardness as if they had been de- 
tached from the wall of a crevasse. In two other cases, bub- 
bles of air rose from the bore, without, however, the piercer 
descending suddenly. I have also seen them Irequently ascend 
to the surface of hollows in the ice {patgHoires), filled with 
water. 

I was provided with three of Bunten's thermometrographs, 
which I placed every evening in the following manner : one 
in the gretit bore ; a second in the hole less deep, generally at 
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a. depth of 15 feet; ajid a third in the lur. I took care to 
close the openi&gs of the two hcle^ so as completely to pre- 
vent the external air from ndaendng the temperature of the 
air contained in those holes. During the four weeks that 
these observations were continued, the temperature of the air 
at night never descended below — 6^,5 (+ 22°. \ F.) ; the mi- 
nimum has even been + 2° (35° .6 F.) during the night, on 
one occasion. Of course, the streamlets of water on the sur- 
face of the glacier then continued to flow, and did so even 
when the temperature was at -t- 1° (33°.8 F.), or even at 
(32° F.). In the interior of the glacier, the therraometrograph 
sometimes indicated (32° F.), and then the bore remained 
moist, and water was accumulated at the bottom ; some- 
tunes it descended to — 0°.3 (31°.46 F,), and even to — 0'.5 
(31M F.) ; the sheath of the therm.ometrograpb, or the cord 
wich held it, was, in such cases, sometimes frozen to the 
bottom of the bore ; and I was obliged to disengage it by 
pouring boiling water down along the cord. On the morning 
of ttie 15th of August, the thermometro^aph, which had been 
dnrii^ the night at a depth of 60 feet in the glacier, was at 

(32 F.) ; the external air had been at ~ 3° ( + 26''.6 F.). 
On the 16th it was at the same, while the air had been at + 
1° (33°.8 F.); on the 17th the thermometrograph indicated 
— 0°.5 (31°.l F.), and the temperature of the air had de- 
scended to — 2° (+ 28°.4 F,). I quote these three observa- 
tions because they were made at the same depth, during an 
interruption of the boring. I intend publishing afterwards all 
the observations made at different depths. I shall merely now 
add, that, on the night between 31st August and 1st September, 

1 placed two thermometrographs in the same hole, the one at 
a depth of 15 feet, and the other at 125 feet, and that I found 
both at (32° F.) in the morning. The result was the same 
during the day of the 1st Septembar, and during the nights of 
the 1st and 2d and 2d and 3d September, at the depths of 15 
and 100 feet ; while the maximum of the extei'nal air during 
the day was ■{■ 8° (46°. 4 F.), and the minimum of the two 
nights was + 0°.7 ( + 33°.26 F.). During the day of the 3d 
September, I found the temperature at (32° F.), at 16 and 
at 125 feet in the same hole, the external air being at -(- 3" 
(37%4 F.). 

D,g,l,..cbyGOOglC 



262 Professor Agaseiz on the Glacier Theory. 

I had observed, that whenever the cold of the tiight wae not 
very great, water was infiltrated in^o the hOreS j add 'dhifert- '-■■'' 
ral occasions I found in oie'inornin^'riiy fliermonietrigH^M " ' ^ 
submerged, although I had taken care to empty the bore com- 
pletely the preceding evening, and although the introduction 
of water from above was prevented by little drains, and by the 
manner in which the aperture was closed. I saw at once the 
importance of this fact for the theory of dilatation, and I pro- 
ceeded carefully to examine this accumulation of water. The 
following is the method I adopted. After having thoroughly 
emptied the bores, 1 measured from time to time the quantity 
of water that had been accumulated, by plunging into the bole 
a sounding line, which I kept stretched in such a manner as 
to rub against the sides of the hole as little as possible. The 
length which I found to be moist when I withdrew it, gav« me . 
the depth (rf the' accumulated water. The following observa-'' 
tiOns were made simultaneously in two bores, of which the 
one had a depth of 30 feet, and the other of from 120 to 140 feet. 
The first of these holes, of equal diameter throughout, had been 
bored with afleuret of 3^ inches in diameter ; the large hole, 
on the contrary, went on decreasing in diameter from above 
downwards, having been bored to a depth of 92 feet with a 
fieuret 6 inches in diameter, from 92 to 110 feet with &Jleurel 
of 5 inches, and beyond 110 feet with a fleuret of 3^ inches. 

Quantiliet of water accumulated in the small and large boret. 
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It results from this table, that the quantity of water accumu- 
lated in the two bores was not only different, but was propor- 
tional to the surfaces of the bores ; whence we conclude that it 
is by no means introduced from the opening at the top, but that 
it is exuded by the sides. If it were otherwise, the small bore 
would not on every occasion have contained a quantity of 
water so small compared with that accumulated at the s^me 
time in the large bore. The contrary would even have taken 
place, because the small bore was narrower than the large. 
The fact of the quantity of water being unequal on the diffe- 
rent days is also not without its importance, for it proves to 
us that no fissure or canal existed which could place the bores 
in communication with any reservoirs of water ; for, in that 
case, the accumulation of water would have been proportional 
to the inten'al of time comprised between the observations. 
There is only one conclusion to be drawn, which is, that the 
glacier imbibes water in unequal proportions at different hours 
of the day, at different external temperatures, and according 
as the air is dry or humid ; or, in other words, that the glatjier 
should be regarded as a spongy body of ice, which has imbibed 
a larger or smatier quantity of the water that circulates in 
its interior. 

It is true, that, during the five days when the above observa- 
tions were made, the temperature fell only once below 
(32° F.) during the night, and that it remdned most frequently 
above 0. We have had other nights during which the mini- 
mum has been at + 2° (36°.6 F.). We must not, however, pro- 
ceed too rapidly to (Iraw from this inferences adverse to the 
theory of dilatation, and above all we must not thence con- 
elude that the glacier only imbibes as much water as there is 
at the surface. The state of the atmosphere no doubt influ- 
ences the quantity of water which circulates in the glacier, 
but this influence is not such as to prevent water existing in 
the interior of the mass even when the temperature falls tem- 
porarily under (32° F.). During the night of the 4th and 
5th September, the temperature of the air fell to — 4° ( + 24.8 
F.) ; on the evening of the 4th it snowed, and on the morning 
of the 5th the glacier was covered with six inches of snow, and 
nevertheless we have seen that, notwithstanding the cold, the 
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small bore collected that night 1 foot 8 inches, and tli^ large 
bore 4 feet of water. The snow was perfectly dry, and did 
not begin to melt until 6 o'clock f.u. 

If these fects were not sufficient to prove that water circu* 
lates in a liquid state in the interior of the glacier, I conld 
cite others not less conclusive. 1 have often seen water ex- 
uding along the smooth walls of the crevasgeg; and it sufficed 
to wipe the moist place, to see a little drop of water rise to 
the spot over which I had passed my handkerchief. Lastly, 
it will aftenvards be seen, that, on my descent to the bottom 
of a crevasse 120 feet deep, t found the walls of ice bristled 
in a multitude of places with small icy stalactites, four or five 
iuches long, which evidently proceeded from the drops of water 
exuding at all these points. 

It appears to me to be demonstrated, that water is diffused 
in four ways in a glacier : — 

1. By hollows open at the surface, to which numerous rills 
of water resulting from the melting of the superficial ice con- 
tribute their supply. These hollows, opening widely to the 
surface, are crevastes, apertures of cascades, baignoiret, and 
vertical tubes, at the bottom of which there are small frag- 
ments of rock. It is not necessary to give any other proof of 
this mode of diffusion than the following fact : Whenever the 
night has been very cold, the surface of these pools of water 
is frozen, but the water beneath is lowered by two or three 
inches, and covered by a second and thinner crust of ice re- 
posing immediately on the water ; sometimes, indeed, the 
water of cavities of small extent has entirely disappeared, 
although the plates of horizontal ice whitji cover these hollows 
indicate that there must have been water to the depth of a 
foot and even more. I have never, however, seen large batli- 
shaped hollows {baignoires), full of water, lower their level 
more than a few inches in the course of a night. I ought to 
add, that I have never met with a crevatte which went to the 
bottom, except at the extremity of the glacier. 

2. By internal canals which circulate in the whole mass, 
like arteries of very various sizes, and which are seen termi- 
nating here and there on the walls of the crevasses and on the 
terminal edge of the glacier, where they sometimes form little 
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cascades and even jets similar to tliat of a fountiiin, as was 
well seen lost year in the glacier of ^e Rhone ; but most fre-. 
qnently their opening is very small, and is hardly a line in 
diameter ; they then give rise to small stalactites, of which I 
shall ftftenrards ^eak. 

3. By capillary fissures, which divide the whole mass into 
a quantity of angular fragments of various sizes. We may 
assure ourselves of this by pouring, as I have done, coloured 
liquids into cavities hollowed out at the aurfftce of the glacier. 

4. I^istly, it saems to me probable that the vertical bands of 
blue compactice, alternating with bands of white porous ice, 
and which I shall discuss immediately, maintain a continual 
infiltration of_water in the mass of the glacier wherever this 
structure la observable. 

The demonstration of the presence of water in the entire 
mass of the glacier, at all depths, is the most important of all 
the faots obtained during my residence last year on the glacier 
of the Aar ; and I am so much the more interested in bring- . 
ing this clearly out, because it is upon the absence of water 
at great depths, that many authors, and especially Mr Hop- 
luns, in his essay entitled Theoretical Investigations of the 
Motion of Glaciers, found, in a great measure, their reasoning 
against the glacial theory. Without pretending that all the 
difiiculties can be removed by the discovery of this single fact, 
it will at least be conceded that it has enabled us to advance 
a step farther towards the solution of the problem. 

I now come to a no less important fact, that of the lamellar 
structure of glaciers. This remarkable phenomenon, which Fro* 
feasor Forbes has described extremely well in the Edinburgh 
New Philosophical Journal,* but of which he has erroneously 
claimed the discovery, and has assigned to it a generaUty 
that the facts he lias himself observed did not at all justify, 
was for the first time observed in 1838 by Professor Guyot of 
Nenehatel, on the gkcier of the Gries, at a height of 7500 feet; 
and that naturalist made it the subject of a highly inte- 
resting communication to the Geological Society of France, 
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assemlited that same year at Porrentruy. 1 had myself, tikfl- 
wise, remarked this phenomenon on the Glacier des Bois, dur- 
ing an excursion which I made at the same period, and after- 
wards on the glacier of the Aar ; but it presented itself no- 
where with that striking distinctness we witnessed last year ; 
and it is on this account that, like several other facts which 
continued observations could alone elucidate, it is only men- 
tioned in a vague manner in my Etudei but let Glaciers. 

During the months ai August ftnd September 1841, tlfm. 
phenomenon was so well developed in the glacier of the Aar, 
that it could not fail to strike every observer, especially in the 
environs of the HStel des Neuchatelois, at a height of 7600 feet, 
and at a distance of two leagues from the extremity of the 
glacier. I shall now endeavour to describe it, and to give an 
account of the researches carried on with a view to ascertain 
its extent and modifications. 

It is known that in general the ice of glaciers differs, 
from ordinary ice, by having a network of capillary fissures, 
which seems to penetrate its whole mass, and is the result 
of the transformation of the n^v^ into ice- But this ice is, 
nevertheless, of great compactness, and though rough at its 
surface where it is not covered by a moraine, that appear- 
ance is only superficial ; and it suffices to remove the external 
crust, to find the ice as compact as under the moraine, and 
at everyplace where it is sheltered from evaporation. If, 
then, we examine this ice, we find that it is by no means uni- 
form, but, on the contrary, that it is composed of laminse or 
vertical bands of variable breadth, being generally ft-om ^ to 1, 
2, and 3 lines, but sometimes also from 1 to 2 and even firom 4 
to 5 inches broad. One set have a bluish tint, and a very com- 
pact and homogeneous texture ; and the others have a white 
colour, their ice being less hard, and having a snowy appear- 
ance, in consequence of the quantity of bubbles of air with 
which it abounds. The whole may be compared to a mass of 
glass, composed alternately of dull hands with air-bubbles, and 
bands which are perfectly transparent. This particular ar- 
rangement of blue bands alternating with white ones, is par- 
ticularly apparent in the walls of the crtvastes. The bands pass 
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from one wall to the other, and can be traced for spaces pf 
hundreds of yards, always preserving a perfect parallelism' 
They are to be seen descending in this manner into the mass 
of the glacier, as far as the eye can reach into the crevaatet, 
sometimes to a depth of ten and fifteen metres (yards). Their 
direction is generally parallel to the axis of the glacier ; but they 
are not always rectilinear ; for I have seen on the glacier of 
Aletsch and elsewhere, contortions and dislocations of diffe- 
rent kinde, and M. Guyot remarked the same thing in the 
' Gries glacier. Although the observations made at the be- 
ginning of our residence on the glacier of the Aar induced me 
to believe that this lamellar structure extended to a large por- 
tion of the mass of the glacier, I was nevertheless derarous to 
assure myself, in a direct manner, that it did so, and with this 
view, I descended into one of those hollows or pits in the 
glacier, where moat, of the streams which trace a serpentine 
course on its surface are swallowed up. I was thus enabled 
to follow the blue and white bands as far as the accumulation 
of water at the bottom of the hole permitted me to descend, 
that is to say, to a depth of 120 feet. 

The following is a short account of the descent, which my 
travelling companions afterwards denominated my detcenfe 
aux infers : — 

It w^s towards the termination of our residence on the gla- 
cier ; we bad finished our boring, and were preparing to depart, 
when, while discussing, according to custom, the phenomena 
we bad observed, one of the party remarked that it would per- 
haps be eaE^ to descend without danger into some one of the 
pits of the glacier, and that perhaps some unexpected appear- 
ances might thus be observed. All were of this opinion, and 
without delay we commenced looking for a pit suited to the 
purpose. These pits, as I have remarked in my Etudet *ur 
lea Glaciert, are probably old crevasses, which a small stream 
of water has prevented from being completely closed ; so that 
instead of being of an elongated form, they are, on the con- 
trary, for the most part circular, and the rivulet, far from con- 
tracting them, tends to enlu^ them more and more, espe- 
oally when it is considerable. We foond at some distanca 
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from our hut one of these pits, which seemed well adapted 
for our object ; it had an opening of eight feet in diameter, 
and appeared to penetrate vertically to a great depth. I re- 
solved to descend into it ; but to accomplish this it was Decee- 
sary to begin by turning ofF the stream by cutting another bed 
for it in the ice. We set all bands to work, and when the new 
bed was formed, I sent my men to procure the trepied, which 
had been used for the boring operations, and placed it over 
the pit. A board on which I Was to sit was fixed at the end 
of the rope, and I was secured to that rope by a strap, which 
passed ander my arms, bo that my hands were left &ee. In 
order to protect me from the water, which we were not able 
to turn off completely, the guides covered my shoulders with 
the skin of a goat, and placed on my head a cap made of a 
marmot's skin. Thus accoutretl I descended, provided with a 
hammer and a staff. My friend Escher was to direct the de- 
scent, and for this purpose he lay down on his face, with his 
ear hanging over the side, in order the better to hear my di- 
rections. It was agreed that so long as I did not ask to come 
up, I should be allowed to descend as far as the distance at 
which M. Escher could distinctly hear my voice. I reached 
a depth of 80 feet without encountering any obstacle, observ- 
ing attentively the lamellar structure of the glacier and the 
small stalactites of ice of which I have already spoken, and 
which were attached on all sides to the walb of the pit. These 
stalactites were from 2 to 5 or 6 inches long, and only a few 
lines in diameter', and they were bent like hooks fixed in the 
walls. It was evident that they were produced by an exuda- 
tion from the walls of the pit ; for if they had resulted from the 
water Miing from the surface of the glacier,- they would not 
have been so uniform nor so equally distributed over the whole 
surface of the sides. Those which were really derived from 
the cascade of water from above were much larger, were more 
closely united to the wall of ice, and were, moreover, limited to 
one of the surfaces of the passage. The bands of blue ice 
becamo perceptibly broader as I descended ; they were less 
sharply marked than above, and the remainder of the mass, 
of an inferior degree of whiteness, was less distinctly con- 
trasted with the intermediate deeper coloured laminie. At a 
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depth of about 80 feet I encouDtered a ridge of ice which 
dirided the pit into two compartmenta, and I endeavoured 
to enter the widest ; but I could not penetrate more than 5 or 
6 feet, becanse the passage became divided into several narrow 
canals. I caused myself to be raised up, and managing so as 
to make the rope deviate from the vertical line, I got into 
the other compartment. 1 had observed ia descending, that 
there was water at the bottom of the pit, but 1 supposed it to 
be at a very great depth ; and as my attention was especially 
directed to the vertical bands, which I continued to trace, 
thanks to the light reflected by the brilliant walls of the ice, I 
was very much astonished when I suddenly felt that my feet 
were immersed in water. I immediately directed myself to be 
drawn up, but the order Mas misunderstood, and in place of 
ascending, I found that I was descending. I then uttered a 
cry of distress, which was heard, and I was raised up before 
being obliged to have recourse to swimming. It seemed to me 
as if I had never in my life encountered water so cold. Frag- 
ments of ice floated on its surface, which no doubt were 
broken portions of stalactites. The walls of the pit were rough 
to the touch, and this was doubtless caused by the capillary 



I should have wished much to remain a longer time to exa- 
mine the details of tite structure of the ice, and to e^joy the 
unique spectacle presented by the blue of the sky, as seen 
from the bottom of the abyss ; but the cold obliged me to 
ascend as soon as possible. "When I reached the surface, my 
friends told me of their anxiety for my safety when they heard 
my cries, and that they had experienced the greatest possible 
difficulty in drawing me up the pit, although they were eight 
in number. I had, however, reflected but little on the danger 
of my position. Perhaps, if I had known it previously, I would 
not have exposed myself to it ; for, if one of the large pointed 
flakes of ice lining the walls of the cavity had been detached 
by the rubbing of the rope, and had struck me in its descent, 
my destruction would have been certtun. I would, therefore, 
advise no one to repeat the experiment, unless it should be for 
some important scientific purpose. 
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1 W.T8 tlius enabled to follow out the lamellar atracture of the 
glacier, not otily as far as the first interruption of the canal, that 
is to say, to a depth of about RO feet, but even, although less 
distinctly, to the bottom of the hole. I therefore consider 
myself entitled to conclnde that the laminEB traverse complete- 
ly the glacier properly so called, becoming more and more 
blended in its mass, whereaa they exhibit very different pheno- 
mena in the higher regions, as I shall afterwards notice. Every- 
thing leads us to believe that the phenomenon of the lamellar 
structure is connected with the infiltration of the vrater into the 
mass of the glacier ; and as we have seen, by the experiments 
mentioned above, that water exists in a liquid state as far as 
wc have yet been able to penetrate, and that, on the other 
hand, the lamellar structure extends also, according to all 
appearance, through the entire mass, it must be by observing 
in a continued manner the mode of the infiltration of the wa- 
ter in the ice, especially at places where the lamellar struc- 
ture begins to present itself, that is to say, at the limit be- 
tween the nev^ and the glacier, that we can hope to attain the 
explanation of this important phenomenon. I propose to pro- 
secute these observations during the sojourn I expect again to 
make this year on the glacier of the Aar. At the same time 
I beg those naturaUsts and natural philosophers who may visit 
other glaciers, to direct their attention to this subject, being 
persuaded that they will deduce important results, not only 
for the study of glaciera, hut for physics in general. 

I ought here to mention an experiment which I made with 
the view of ascertaining the modifications to vrhichthediiFerent 
bauds of this ribboned ice are subjected by the influence of 
the air. At a spot where the lamellar structure was very 
dbtinct, I uncovered a space about a foot square under 
the moraine, taking care to dean the surface well. We ob- 
served Bttentively the action which the air exercised on this 
surface newly exposed- ' At first the blue bands began to grow 
pale insensibly ; fissures seemed to be formed in their interior ; 
but I rather think that they merely became visible by the dis- 
placement of the air contained in the mass, and which is often 
n bursting out in small hubbies at the surface. At the end of 
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half UQ hour the blue bands could only be.yaguely distinguish- 
ed &0m the white ones; the surface had assumed a very rough 
aspect ; some hours afterwards it had even become entirely 
porous to the depth of about an inch ; the lumps which were 
formed had become mobile, without, however, being disag- 
gregated ; the differences of tint had then completely dis- 
appeiu'ed, and the ice appeared composed of unequal but 
homogeneous fragments. Nevertheless, by moistening large- 
ly with water this unequal surface, the ribboned arrange- 
ment and the tints of defined colour reappeared immediate- 
ly, and anew gave to the ice the laioellar aspect which it 
had originally. When the influence of the atmosphere was 
prolonged for a considerable period, the white bands at 
last became completely disaggregated to the depth of about 
a loot, and were then transformed into small grains per- 
fectly similar to those of the nevf, whereas the blue bands only 
appeared between these beds of grains as projecting edges 
soiled by the dust which lodges on glaciers. It is in the white 
bands, which are originally hard, but have become granular 
in consequence of the external temperature and the melting, 
that the small rills of water collect, which wind over the sur- 
face of the glacier. But if the glacier should be inundated 
by a violent rain, on the following day its blue and white tints 
at the surface contrast anew with a striking intensity. Thi$, 
at least, was what we saw take place last year, and it remaits 
to be ascertained to what extent this reiterated phenomenon 
of disaggregation and of congelation is reproduced at different 
seasons, and under influences of various kinds, and what are 
the circumstances which render the whole more or less appa- 
rent at the surface of the glacier. It is probable, according 
to what has just been stated, that tlie white bands are a nfri 
impregnated with water and congealed, whereas the blue bands 
appear to me to be bands of ice of litiuid water transformed 
directly into homogeneous ice.* It is difficult to determine 



* It would be intprcsting to ascertain if the same thing takes place ia ice 
houses, containing piled op ice wliicb has been spcinkled with watei. 
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the caiise ^litcli detemuDes this linear and continuous disposi- 
tion of these vertical laminae, but it seems to no that Ae 
first impulsion of this structure is caused b; a molecular more- 
roent of the nev^ soaked with water, and purified b; the run- 
ning of the water according to the line of the greatest slope. If 
this were once established, it would not be at all extraordinary, 
that, in the lower part of the glacier, and notnithstanding the 
changes its course might undergo, this original disposition 
should be maintained by the direction which it would impress 
on the water that infiltrates into its mass by penetrating from 
the surface to the interior. It is at least only in this way tliat 
I can expliun the more or less considerable obliquity of the 
lamimeon the outsideof the moraines, andattheei^es of glaciers 
where the largest quantity of water circulates ; and it is only 
by this means that we can explain the sinuosities and the con- 
tours that they form, wheu the masses are displaced from their 
natural direction during the long course of their descent from 
the big^ regions towards the extremity of the glaciers. It is 
well worthy of remark, that the stratified fields of snow of the 
highest slopes of tho Alps do not present any trace of this 
lamellar structure, and that in the «^, where it passes into 
glacier,* this structure is superficial, or only penetrates a few 
feet into the mass ; it is only in the main course of the glacier 
that it seems to me to be well developed and to penetrate 
very deeply ; at the lower extremity it gradually disappears. 
It still remains to be determined if traces of it exist at the ia- 
ferior surface of the mass of the glacier. 



* I onlj' viih to describe in tliia uticle tho facts reUtlTe to gladers pro- 
perl; BO called, becaOBO these are more immediatelj connected with the 
theory of progreEBion bj infiltration. Itwonldhave led me too far to have 
detuled the new^obBerrstiona which hare been made on the fields of snow 
of the highest r^ons, and on the various phenomena presented "by the 
ntvL H. DeBor and I have endeavonred to delineate the ]imita of these 
tbree regions (the fields of snow, the ahd, and the glaciers), on a map of the 
glaciers of the Bernese Oberland, which accompanies the narrative of our 
ascent of tlie Jangftao, b; H. Vogt. (7ent and Gassmaun, Sokure, 
1843.) 
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The movements of glaciers, and more especially those of 
the lower glacier of the Aar, have for several years been the 
object of my continued attention. In my Etudeg (p. 150), 
I have stated the progress of this glacier from 1827 to 1840, 
which, after taking into account the corrections lately made by 
M. Hugi,a6 to the distance of the hut from the ^djcAwwny, would 
amount to about 220 feet per annum. In August 1840, the 
Hotel des NeaohStelois was 2457 feet from the angle of the 
rock called the Abgchumng, which separates the branch of the 
Finsteraar from that of the Lauteraar. I took care to inscribe 
this measurement on one of the waits of the block. The fol- 
lowing year, on arriving at the Hotel des Neuchiteloia, my 
first proceeding was to measure the distance anew, and I then 
found it to be 2623 feet. The block had therefore advanced 
166 feet. This new measurement was likewise inscribed on 
the block, and I am siu*e that on agiun visiting the glacier of 
the Aar this year, I shall find that the block has advanced 
about an equal distance. This is what any traveller may 
ascertain who happens to be at the glacier before me. If 
it he kept in mind that this annual progression takes place 
at a point where the glacier is very little inclined, inasmuch 
OB its slope is scarcely 3°, and that at the same time the upper 
masses, and especially the branch of the Lauteraar, are very 
uniform, .and do not present any trace of a rapid movement, 
' it will be understood that a sliding movement, such as is sup- 
posed by many authors, is not at all probable. It suffices, more- 
over, to have seen the localities, in order to be convinced 
that at that point the glacier could never have advanced 
otherwise than by a slow and continuous movement, caused 
by infiltration and the daily congelation of the water which 
penetrates the whole mass. 

These measurements ought further to establish, in another 
manner, the evidence of the movement by dilatation. It has 
been reasonably said : If it he the infiltrated water which, by 
becoming dilated, occasions the progression, it would not only 
be necessary that the whole mass should advance, but that 
the distance between two given points on the glacier itself 
should also be augmented ; the same thing ought to occur 
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here as in a inaes of dougb, which is made to fermeot,. and all 
of whose parts become dilated. Now, this is precisely what 
takes place in glaciers, as I have been enabled to infer from 
the distance which separates the block under which we lived, 
from another large block situated lower down, and known by 
the name of Hugi's Hut {Cabane dt Buffi). The two huts are 
placed OD the summit of the great medial moraine, conse- 
quently in the middle of the glacier, and under precisely simi- 
lar conditions. When I established myself on the glacier in 
the month of August 1840, the distance from the ffdlel dea 
Neuch&leloie to the Cabane Huffiv/as 1890 feet ; in the month 
of August 1841, the distance amounted to upwards of 2000 
feet; hence it had increased by about 110 feet,* On the 
other hand, we have just seen that the distance of the H6let 
des Neuch&teloit from the Abschmung, had been augmented 
during the same year by 166 feet in 2457 ; whence it results, 
that the progression was about the same in the two spaces 
{166 feet in 2457, and 110 in 1890). Last year, before quit- 
ting the glacier, I took, along with my friend M. Escher, 
other measurements, which will serve, I hope, to confirm tliesu 
results. We ranged in a line, at three different places, a 
series of stakes, whose positions corresponded exactly with 
Used points on both sides of the glacier. As these stakes 
are all inserted to a depth of 10 feet, I hope to tind them still 
erect this year. It is probable that they will no longer be in ' 
tine, and those which have advanced the farthest in the direc- 
tion of the slope of the glacier, will indicate the portions of 
the glacier which have progressed most rapidly. 

But the glacier was not only dilated in the direction of its 
slope, it was also considerably swollen, especially in the branch 
of the Finsteraar, at some distance from our hut. This swell- 
ing was so visible, that on approaching it for the first time, 
in the month of August last, every one was struck, the guides 



* Icannot give theflSBUDiben exactly to afoot, owing to thed^doncf of 
OUT PiMuia <tf mewarenieDt i bot if thero b« an eiror, it cannot, al all ei'^li, 
be considerable, u \ia meuured the distance! nith a rod. 
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as Well ti oureelres ; and I believe that in calculating the 
swelling at about 10 feet, we are far under the truth. It was 
quite close to the place where, in the preceding year, I had 
inserted two polea in the bores, the one to a depth of 9 feet, 
and the other to a depth of 20, for the purpose of ascertaining 
if the glacier really rejected foreign bodies. I burned with 
impatience to discover what had become of my two poles. We 
fbund both erect ; but having measured them, I ascertained 
that they bad been elevated 7 feet ; so that the longest was 
Only sunk to a depth of 13 feet, and the other would scarcely 
stand in the hole, which was not more than a foot and a half 
deep. The contact of the wood bad also sensibly enlarged the 
two holes, more particularly the second. 
- At first eight the matter seems quite simple, and it might 
be said that it was the level of the glacier which had 
been lowered by the melting. But we must not forget that 
^ese poles were planted on the portion of the glacier which 
had become most swolleli since the preceding year, and this 
necessarily complicates the question, for how can we conceive 
at once a swelling of 10 feet and a lowering of 7 feet \ Abla- 
tion had, nevertheless, actually taken place ; and if, notwith- 
standing this ablation, the glacier became swollen as it pro- 
gressed, that could only be because the augmentation of vo- 
lume, resulting from the congelation of the water accumulated 
in the interior of its mass, bad been more considerable than 
the volume of ice removed at the surface by the melting and 
the evaporation. A similar occurrence ought to present it- 
self whenever the summer is rainy, as in 1841, for then the 
evaporation ia less considerable, while an enormous mass of 
water is infiltrated daily into the glacier. We found, in fact, 
all the glaciers of the Oberland in a state of increase ; and in 
all places they threatened to invade the pastures. 

The experiment which 1 have now mentioned was also 
made by M. Escher de la Linth on the glacier of Aletsch ; and 
the results he obtained were still more striking as to the ra- 
pidity of the disappearance of the ice. M. Escher, with the 
view of verifying the opinion I had expressed on the meta- 
itiorphOBCfe t>f glaciers, prttceeded in the course of the month 
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of June laat year to the glacier of Aletecht takoig wid) him 
Bn ample proTiston of stakes, whicli he had caused to be pre- 
pared in the Valaia. He described, by meant of these stakes, 
planted at eqoal distaaces ttom one another, a triangle placed 
in relation to several fixed pdats at the stdes ; and he hoped 
by this means to arrive at a knowledge of the movements of 
the glacier, not only in the direction of the longitadioal, 
but also in that of the transversal axis. In oider that the 
winds aad stwms might not knock over his stakes, he sank 
all of them to a depth of four feet. What was his surprise 
when, having gone about the middle of August to visit his 
triangle, he found that most of the stakes were down, and that 
those which were still erect did not penetrate more dian half- 
a-foot into the ice ! Twelve days afterwards (the 38th Au- 
gust), when I ascended the same glacier on my route to the - 
Jungfrau. I found only one of the stakes erect Thus two 
months were sufficient to remove a bed of 3| feet in thickness 
from the glacier of Aletsch ; and notwithstaodii^, M. Escher 
assures us that no difference in the level of the surface vras 
perceptible. 

These experiments were so important that 1 resolved to 
continue them. Foreseeing that, in the following year, the. 
bore which I had pierced to a depth of 140 feet would be 
closed, or at least so much contracted as to be no longer of 
any use to me, I determined to employ it for a similar expe- 
riment, I therefore took fourteen wooden cylinders, each a 
foot long, and having a somewhat smaller diameter than that 
of the b(H*e. I nnmbered them carefully, and having sunk 
No. 1 to the bottom of the hole, I covered it with a bed of 
gravel of 9 feet. I then introduced cylinder No. 2, which 1 
covered in the same manner with a column of gravel of 9. 
feet, and so on in succession ; so that in this manner the en- 
tire bore contained all the fourteen cylinders, separated from 
one mother by columns of gravel 9 feet long. The fourteenth 
n-as li foot under the surface of the ice on the 6th iSeptember 
1841. As the position of the hole was exactly determined 
and easy to find, we can easily ascertain what has been the 
amount of ablation in a given time. Supposing thatthiaabtattoo 
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is on an average only 5 feot in the year, and that the glaciw 
continues to advance in the samo pFoporticni — that is to say, 
abont 200 feet annoall; — the cylinder No. 1 oogfat to reach 
the surface in abont 28 years, and at a distance <»F 5600 feet 
from the place where it was inserted. In this calculation the 
inequality of the rapidity of tlie beds is certainly not taken 
into account, and which, according to the most recent re- 
searches, must be less considerable than I at first supposed. 

The second bore, having a depth of SO feet, was employed 
for an experiment &om which I expect still more important 
results. We have seen, from the general view I have already 
given of the temperature of tlie interior of the glacier, that 
this temperature varied but little during the whole period of 
oiu" residence on the glacier. It was important to ascertain 
if this was also the case during the colds of winter, when the 
glacier is covered with a thick bed of snow. I therefore re- 
solved, with this view, to make use of my three minimum 
thermometers. I placed two in the bore, and suspended the 
third freely in the air at the top of the trepied. In order to 
preserve these instruments from the influence of the water, 
and that 1 might not have difficulty in rai^ng them after- 
wards, I had a tin-case made, which was 2i inches in diame- 
ter and 24 feet in length, and which I sank in such a mauner 
that its upper end was a foot below the surface of the ice. I 
introduced the first thermometer into the bottom of the case, 
and placed the second at 12 feet higher up ; so that the latter 
was at a depth of 13 feet, and the first at a depth of 25 feet, 
in the glacier. In order, moreover, to protect my instruments 
from tite possibility of being pressed by the walls of the gla- 
der, I took care to include each of them in a thick sheath of 
brass. Each instrument is coated with tallow in its sheath, 
and the tin case which contains botlt is also equally well 
closed, so as to prevent the access of water. By this means 
I hope this year to obtain in these lofty regions the minimum 
temperature, of the glacier, at depths of 25 and 13 feet, and 
that of the au- at 12 feet above the surfoce. I intend going 
to ascertiun the results whenever the snow has disappeared 
from the sorface of the glacier. 

D,g,l,..cbyGOOg[C 



Professor Agassix on t^ Qheitr TAeorj/. 



VODB OF LITtHQ OH THB etACIBE. 

I caQBOt conclude this article without saying a few words 
OQ the kind of life we passed at the Jl6tel det NeucMteioia ; 
for I do not suppose that a correct idea caa be formed of 
it without possessing an exact knowledge of glaciers. At 
first sight there is something extraordinary in the notion 
of a prolonged sojourn in the midst of a sea of ice, at a 
height of 7500 feet. It may naturally be imagined that 
the cold must he excessive, especially at night, and I have 
frequently been asked how I managed to escape being 
frozen. The fact is, that it freezes there almost every night, 
and the thermometrograph often indicated in the air — - 4° 
and 5° (and + 24.8 and 23° F.), and even — 6^° ( + 22M F.)- 
But we were well provided with coverings ; and as our abode 
was sufficiently small, the respiration of five or six individuals 
sufficed to mtuntain a tolerable temperature. 

Notwithstanding its pompous name, the Hotel dea NeuchA- 
telois is, in reality, but a very small hut about 12 feet long 
by 6 broad, and 4 high, where its height is greatest. I have 
already said, that this cabin is situated on the moraine ; it has 
pure ice for its foundation, on which the broad stones of tho 
moraine have been placed so as to form a sort of flooring, A 
bed of herbs gathered on the sides of the glacier served aa a 
mattress ; and to protect ourselves from moisture, we took care 
to make use of a double covering of wax-cloth. The latter is 
a precaution which it is important to take, and which I cannot 
sufficiently recommend to those who wish to live on glaciers ; 
for there, as elsewhere, humidity is much more to be dreaded 
than cold. As our hut was merely formed of a dry stone wall, 
we endeavoured to guard against violent winds, by stopping 
up the interstices with bunches of grass. It nevertheless hap- 
pened frequently, in spite of our precautions, that a hurricane 
(Guxen) blew fearfully through the wall. As, however, we 
were generally fatigued by our exertions during the day, we 
did not sleep the less soundly. 

It was the rainy and snowy nights only which were really 
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disagreeable ; for as the large block which Berved as a roof was 
fissured throughout notwithstandiog its enormous thickness, 
the water penetrated by the fissures, and streamed along its 
lower surface. Whenever one of these little streamlets en- 
countered an inequality, a cascade was formed which awoke 
in an annoying manner those who happened to be under it. 
Sometimes one, and sometimes another, wns then seen rising 
up, and seizing a candle, endeavouring with bis finger to ^ve 
another direction to the troublesome rill. But soon recover- 
ing its first direction, it would proceed to moisten the person 
to the right or left, and thus rouse him by dropping provok- 
ingly into his ear or moutli. The unfortunate individual would 
then get up in his turn, and try to correct the course of the 
water, or probably send it to sprinkle his companion near him. 
I remember one night when the rills of water and the cascades 
were so abundant, that alt change of direction was useless ; 
and seeing that it was impcssible to shut an eye, we began to 
amuse ourselves at the expense of our cascades, by communi- 
cating to them ail sorts of directions. In place of sleeping, 
we pursued hydrographical studies. 

In order to inure ourselves to the cold, several of the party 
adopted the habit of bathing the body every morning in iced 
water, in a large tub which the guides placed every evening 
before the door of the hut, and which in the morning was 
often covered with ice half an inch in thickness. At first this 
practice seemed severe, but we soon became accustomed to 
it, and did not wish to ^ve it up ; for after the first disagree- 
able sensation was surmounted, we were sure to feel warm, 
and could wear our ordinary dresses with impunity; whereas 
those who dreaded these icy baths, and did not make use of 
them, shivered around us enveloped in their cloaks. 

Our chief guide, Jacob Leuthold, who was also at the same 
time oar chief cook, arrived between four and five o'clock to 
prepare breakfast, which generally consisted of a cup of choco- 
late. When we had finished, the pot was replaced on the fire 
for the break&st of onr guides, which was cheese-soup. Our 
first occupation was to viut the thennometrographs and the 
thermometers ; and when the sheath of one or other of these 
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instruments was frozeQ to tlie walls ot tlie hole, it became ne> 
ceasary to employ hot w&tet to detach it ; an operation which 
took up a considerable time. Except on rainy days, the bor- 
ing could not be commenced before eight o'clock, for it was 
necessary to wait till the rills of water again began to flow ; 
the work was then carried on till midday. Those who were 
not occupied with the borers made an excursion to some neigh- 
bouring summit, or visited one of the numerous moraines which 
descend &om the flanlis of the valley ; and as I had taken with 
me a landscape painter, M. Bourkhart of Nenchfitel, to deli- 
neate the most remarkable phenomena of this mer de glace, 
in a scientific and picturesque point of view, I often accom- 
panied him to point out the places most worthy of attention. 
Most frequently, it was not so much the special object we fol- 
lowed, as the unexpected observaUons we made, which gave 
importance to these excursions ; and at last we did not fix on 
any particular plan, hut simply walked to some summit,, or to 
some lateral glacier, with the anticipation of reaping an ample 
harvest of new observations. The numerous facts of detail 
which were collected in the course of these various excursions, 
cannot come within the compass of a mere article in a journal ; 
but 1 intend soon to publish a summary of them in a supple- 
mentary volume to my Etude* sur lea Glaciers; and I hope that 
they will contribute more and mca*e to increase the interest 
which attaches to glaciers, by initiating naturalists into the 
minute history of a natural phenomenon, which, with all its 
apparent uniformity, is yet so splendid and so varied. What 
indeed can be more interesting than this series of metamor- 
phoses, to whidi frozen ice is subjected, from its fall on the 
high summits in the form of snow or of small hail {grent), to 
its transformation into those masses of compact ice which de- 
scend like immense solid eouleee into the midst of our forests, 
and of our cultivated fields ! What can be more worthy of at- 
tention than the study of the red snow, that microscopic crea- 
tion which extends as a rose-colonred tint over immense spaces 
of the n^v^, in places where traces of oi^antc life could hardly 
have been expected to exist ! What, moreover, can be more 
curious than to be able to follow for great distances the jnnc- 
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tion of the glacier and the rock, to see in some degree the 
former Id l^e act of polishing and furrowing the walls of its 
bed, and to study the various effects which all this produces 
OD the rocks, according to their hardness and the nature at 
their composition ! Lastly, let me say, that it was here th.at 
we first ohserved the remarkable phenomenon of the niveaux 
de» rochet poliei et moutonn^et, which will enable us henceforth 
to determine the greatest thickness of the ancient sheet of ice 
which covered our country at any given point in the Alps, and 
that with a precision so much the more rigorous, because the 
traces the ice has left of its action on the rocks ou which it 
has operated, are indelible, and form a striking contrast with 
the rugged and angular rocks which surmouat them. 

Bat let us return to our hut. Mid-day approaches, the 
whole party are re-assembled round the kitchen fire, and 
each one brings with him an appetite with which, for sharp- 
ness, that experienced on the plains cannot be compared. 
Although, therefore, the &re was but little varied, all agreed 
that it was a real enjoyment to dine in the open air at the 
H6iel des NeiicMtelois, round the largo flat block of gneiss 
which served as our table. We had little else to eat but mut- 
ton and rice, but whether it is that the mutton of these high 
mountains is really better than elsewhere, or that tlie sharp 
air renders the palate less fastidious, it is certain that we 
never tired of it. Sometimes we had for variety some goat''s 
meat, which we likewise found excellent. A cup of coffee and 
a cigar were the necessary adjuncts to our dinner, and it seem- 
ed to us that both the one and the other had a more exquisite 
peifiime under the sky of the Schreckhom and the Finsteraar- 
harn. This was the hour for lively conversation, animated 
discussions, and the proposal of daring projects. After din- 
ner we all returned to our occupations, one in one direction 
and another in the opposite ; or perhaps we remained at the 
H6tel to write out our notes and observations. The evening 
thus arrived for the most part more speedily than we couM 
have wished. After the little rills of water on the surface of 
the glacier began to be dried up, which, in serene days, gene- 
ndly took place between four and five o'clock, the boring was 

VOL. XXXIII. KO. IXVI. OCIOBEB 1842. t 
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■topped, tbe htJes wfere emptied of water, and the tbtfuonetrcv 
gttiphM were introdbced, operations which continaed till near- 
ly seven o'clock. We then assembled anew round the kit- 
dtien ; tmt at that time* although not less hungry than at din- 
ner, we remained a much shorter period at table; for it was 
much colder, the temperature being then generally about 
(33* F). The supper being over, we hastened to enter the 
hut ; the light dresses of the day were exchanged for good 
cloaks and furs ; and when night arrived, we closed the car- 
ton which served as a docu*, and lighted the candle. The 
guides Jretumed to their habitation on the left bank of the 
glacier, and oU slept quietly on a place of repose whidi un- 
der any other circumstances would have been thought detest- 
able. 

Id this manner we passed alti^etber about a month on the 
glacier of the Aar, without including the ezcur»on to the 
Jungfrau, which took place on the 28th of August During 
all this time we had a crowd of vbitots, who were curious to 
see an establishment of so novel a kind.* Others were at- 



* AmoBg Uie tonriaU who Tidied tu, (erenl came from Giindelwald iff 
the Stnhleck ; theaa, it may be well Bupposed, were much fatigued on 
BTtiTing at the BStd del NeurMldoii ; and I had pleamre in receiving them 
ai w«U M pORBible. One evening, when, being astembled together round 
our hut, tre were amuiing onrselvei by obawriiig the etfeets of ligfai oa Iht 
fluiki of the Fiiutei*arhora, we law a nnmeroos oravMt inuing from the 
angle of the Abachwung. Immedinteljr one gtaMes were pointed ia that 
direction, to tr; if we coutd recognise among the travellers anj one of our 
acquaintance. One of the partj was in a c/utiie d portaan. We all ex^venM 
our aorpriae at thtt amgular mode of travelling ; but what wai oni aetOuM- 
ment to ducfrver that thii traTeller was a lad;. Our iron; waa at once coa- 
rerted inta admiration. Was it poeaible that a Ind; bad crosEed the Stxah- 
leckl She was certainly the £i«t vrho had attempted bo difficalt a route. 

It tamed out to be an English ladj, Mrs C of Edinburgh, accompanied 

by bet husband and nine guides. We proceeded to meet them. The lady 

waa very yonng, and seemed very timid ; and Hr C informed as that 

she had nererthelees performed the greater part of the joorney on foot, but 
that her ahoea lisd been torn, and it became neceasary for her to be carried, 
which gave her great annoyance. I incited her to take a little repose, after 
which the caravan continued ita route towarda ^e Hoepice of Uia QnaiMl, 
where it anivei at aina o'clock. 
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tracted by a inor&«levated motive, the desire to participate in 
our labours) or to testify by their visit the interest which they 
took in the investigations we were prosftcnting ; and, as the 
happiness which we experience at meeting with persons for 
whom we entertain a profound veneration, or with whom ■U'e 
are on terms of sincere ^endship, waa, heightened by th« 
heaitfrf of the locality, I felt my heart beat with joy whenever 
I recognised a friend among the travellers who arrived along 
with the carrier of provisions about eleven o''clock in the 
morning. I am proud to be able to name among the number 
of those who visited me or tived with me at the B6tel tkt 
JfeucAdteloit, General Pfuel, govenwr of NeuchStel, who, not- 
withstanding his age, performed on foot the arduous journey 
across the glacier, being unwilling to be outstripped even by 
the youngest ; Lord EnnisfeiUen, whose zeal does not give 
Way before any fatigue, when the progress of science is in 
question; MM. Adolphe and Alfred de Rougemont, whom we 
are always sure to meet whenever any object of utility con- 
nected with Switzerland is concerned ; my excellent friend 
Professor Studer of Berae ; Mr and Mrs Trevelyan ; Messrs 
Guyot, Robertson, Cole, Nicholson, Martins, Canson, &c. 
Lastly, I have already had occasion to mention among the 
number of those who took an active part in my labours, M. 
Escher de la Linth, as well asMesdeurs Deeor, Vogt, Forbes, 
and Heath, All shared my habitation at the HStel dea Neu- 
cMlelois ; and I took care to have all their names cut on one 
of the surfaces of the large block which served us as a shelter. 
I had intended again to have encamped this year under thift 
same block, with which so many recollections are associated 
in my mind ; but my guides have dissuaded me, by asserting 
that there would be danger for the colony in doing so, owing 
to the block being so much fissured. I have, therefore, ^ven 
orders for the construction of a tent at the side of the old 
HSlel dea Neuch&lelois ; and it is there that I hope next 
June and July to welcome all the friends of glaciers who mkf 
chooce to pay me a. vimU 
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' On the Oeeutrenee ^ Platina and Diamond* in Borneo. 

The occurrence of platina in the East Indian Archipel^o 
is but little known, and it is probably quite new to many that 
this metal is actually obtained there in large quantity.* Upon 
this subject wc have acquired accurate infc^mation from the 
late Dr Ludwig Horner, the bod of the celebrated astronomer 
and voyager Horner of Zm-ich. The details deserve to be 
better known, and are contained in the Verhandelingen van 
het Saiaviaasch Qenootachap van Kuntlen en Welenschappen. 
xvii Deel. Batavia, 1839, p. 89. At the south-eastern ex- 
tremity of Borneo, named Tanab Laut (Seeland), there ends 
a motm tain -chain which accompanies the course of the great 
rirer of BaDJermassing, and which has been traced to the 
north of the Equator. The most southern portion of the 
mountain range is termed the Batoos Mountains, whose highest 
summit rises 3168 Farisiaa feet above the sea, and these are 
chiefly composed of serpentine, diorite, and gabbro. The 
valleys and the base of these mountuns are covered by a thick 
deposit of red clay, in which there is an imperfectly defined 
bed of white quartz pebbles. In the valleys the red clay is 
from 10 to 20 feet deep, and the bed of quartz pebbles is from 
1 to 4 feet thick. It is this deposit which contains the gold 
in extremely small plates, associated with a large quantity of 
grains of mt^ctic iron-ore, and every where with small grains 
of platina, as well as of iridium and osmium, but not of pal- 
ladium. Thestratarepose directly on serpentine, and are evi- 
dently derived from it ; the red clay having had its origin from 
the rock itself, and the quarts from the quartz veins which 
traverse the serpentine in great numbers. This is in the 
district of Poelo (Fulo) AriJ, where 150 Chinese wash out 
yearly 760 tael of gold,1- whose value amounts to 45,000 Dutch 
, florins. 



* The only other part of Sovlhevn Asia where lliis metal hu be«n met 
with U Ava. 
t A tfiel is 2 ounc^a. 
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The diamond mines lie more to tbe north, but likewise on 
the west side of tbe Ratoos Mountains ; there, likewise, a red 
bed of clay stretches over the surface, 6 to 7 fathoms deep, and 
tiiere ie also a bed, one &thom deep* composed of quartz 
pebbles, and fragments of syenite and diorite ; more rarely 
a marl oocnrs, ccmtaiuing recent shells (fiitrtea cardium). 
In thb deposit tbe diamonds are distributed, sometimes ac- 
companied by magnetic iron sand, by plates of gold and 
platina, and by small pieces of native iron. The surest sign 
of the presence of diamonds is tbe occurrence of small pieces 
of black quartz, with difiseminated iron-pyrites and platina, 
which are termed Batoe (Batu) Timahan, or Saloe I'arak 
Ja4aH. 

A considerable quantity of gold and platina is obtained 
along with the diamonds. In the districts of Goenong (Gu- 
nong) Lawak, Tapang, and Oedjong Moerung (Ui^ong Mu- 
rong) alone, four thousand workmen are employed in the pro- 
cess of washing. 

The occurrence of platina in this district was made known 
in 1831 by Mr Hartmann, then the resident at Banjermas- 
sing. Hitherto no advantage has been derired from his dis- 
covery, as the platina is thrown away as enUrely useless. It 
is, however, certain, that a tenth part of platina is washed out 
with the gold. The produce of Poelo Arij is 1000 tael of 
gold, and thus 100 tael of platina are obtained ; and if we 
calculat« tbe produce of the washings of the dbtrict in the 
mountains nearer the equator at four times as much, we have 
500 ta£l of platina washed out and cast away. Besides this, 
there is what is obtained and thrown away on the west coast. 
Acc<»diog to Crawfurd (History of tbe Indian Archipelago, 
iii. p. 482), tbe whole gold obtained in tbe Chinese colonies 
of Mandoor and Monlrado, on the west coast of Borneo, is 
about 88,632 ounces, of which the tenth part, or about 8000 
ounces, or 4000 tael, are platina. We are probably under 
the mark, when we estimate the annual quantity of platiua 
lost in Borneo at 5000 tael, or 10,000 ounces, that is, 625 
pounds. (From Poggendorff^s Annalen, 1842, JVo. 3.) 
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0» MM0 Pteiiiar C^anget in tie Internal Structure of Jren, 
vuhpendent of, and tubeequent to, tie teveral Proeettea ef 
it* Manufaelare. By Chaklei Hood, Esq., F.R.A.S., Stc* 

Thi importADt purpose! to which iron ii npplied have ilwuys teadcKd 
ic » subject of peculiar intetwt ; and «t no period haa itt importance been 
■o general and VKtennTe at at the pretent time, when ita appUcatioii ia 
almost dailj extending, and tliere ia scarcel; any thing connected with 
the arU, k> wbich, either directly or indirectly, it d»es not in aome de- 
gree contribute. My object in tbc. present paper is to point out some 
pecu1i:irities in tbe habitudes oi iron, which appear almost wholly to hnve 
escaped the attention of scieut^ men ; and which, although in aome 
degree known to practical mecbanicB, have been generally considered by 
tlien aa isolated facta, and not regarded as the results of a general and 
iniportaut law. The circumstancea, however, well de«erve the serious 
attention of scicnti6c men, on account of the very important consequences 
to wliich they lead. The two great distinctions which exist in mal- 
leable wrought iron, are known by the names of " red-short" and '' cold- 
short" qualities. The fonnei of these comprises the tough fibrous iron, 
which generally possesses considerable strength when cold ; tha latter 
shews a bright crystallized fracture, and is very brittle when cold, but 
works ductile while hot. These distinctions are perfectly well known to 
all those who are conversant with the qunlities of iron; but it is not 
generally known thnt there arc several ways by which the tough red-shot 
iron becomes rapidly conrerted into the erystalliacd, and by this change 
its strength is diminished to a rery great extent. 

. The importance which attaches to this subject at the pretent time, 
will not, I thiok, bo denied. The recent accident on the Paris and Ver- 
sailles Hallway, by which such a lamentable sacrilice of human life has 
occurred, arose from the breakicg of the axle of a locomotive engine, 
and which axle presented at the bactured parts the appearance of the 
large crystals, which always indicate cold-short and brittle iron. Ibelicve 
tliereia no doubt, however, that iLiaaxle, although presenting snch decided 
evidence of being at the time of this accident of the brittle cold-short 
quality, was at no distant period tough and fibrous in the highest decree ; 
and as the French government have deemed the matter of sufficient im- 
portance to be inquired into by a special commission, I trust that some 
remarks on the subject will be interesriog to the members of the Institu- 
tion of CivU Engineers. 1 propose, tberefbrc, to shew how these eztra- 

• Head btfora tba lastltutloB of Civil Ecgiasan, Juna 21, IU3, and ooBmoni. 
cated by the Author to tha twenCy-firBt volume of the FMloiophicHl Magazine, 
from which periodical we faaie extracted it. 
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taiiKuj ami moit Important ebangea occur, uid ihall point out Mune «t 
loHt of the modes hj which wb c«ti demonatrate the truth of thii aaMi- 
lion by actual experiment. 

' The principal cause* which produce tliis change arc pereuuion, heat, 
and magnetitm ; and it ia doubtfttl vhether either of these meani per n 
will produce thU effect ; and there appear atrong reatona far auppoaing 
that, generally, they are all in eoma degree coocemed in the production 
of the observed results. 

The moat commoa exemplification of the effect of heat in ciystallhilng 
fibrous iron, is by breaking a wrought iron furnace bar, which, whatever 
quality it was of in the Snt instance, will, in a short time, invariably be 
converted into crystallized iron ; and by heating, and rapidly cooling by 
queDchiDg with water a tbw timet, any piece of wrought iroif, the tame 
effect may be fiir more speedily produced. 

In these cases we have at least two of the above causes in operation — i 
heat and magnetism. In every instance of healing iron to a very higli 
temperature, it unde^oes a change in its electric or magnetic condition ; 
for,atveryhightemperature8, iron en tirelyloses its magnetic powers, which 
return, at it gradually coob to a lower temperature. In the ease of 
quencbtng the heated iron with water, we have a still more decisive as- 
siatjlnce from the electric and magnetic forces ; for Sir Humphry Davy 
long since pointed out* that all cases of vaporisation produced negative 
electricity in the bodies in contact with the vapour ; a ikct which Itai 
lately excited a good deal of attention. In consequence of the discovery 
of large quan^tiee of negative electricity in effluent steam. 

These results, however, are practieally of but littie consequence ; but 
the effects of percussion are at onoe various, extensive, and of high im- 
portance. We shall (race these effects under several diflctent eireum- 

. In the manufacture of some descriptions of hammered iron, the bar is 
fint rolled into shape, and then one-half the length of the bar it heated 
in a furnace, and immediately talten to the tilt-hammer and hammeird ; 
and the other end of the bar is then heated and hammered in the sama 
manner. In order to avoid any unevcnness in the bar, or any dlffineoce 
in Its colour, where the two distinct operations have terminated, the 
workman frequently gives the bar a few blows with the hammer an that 
part which he fiitt operated upon. That part of the bar has, however, 
by this time become comparatively cold ; and if this eooling process has 
proceeded too &r when it receives this additional hammering, that part of 
the bar immeiialelti becomes crystallized, and so extremely brittle that it 
will break to pieces by merely throwing it on the ground, though all the 
ntt of the bar will azhibit the best and tonghest quality imaginable. 



' Dav;'! Cbnolcal Fbllbtopby, p. 134. 
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This change, theiefoie, has been produced hy peKiunim (as ibe primw]! 

agent), 'when tlie bar is at a lower temperature than a welding hoat 

We here flee the effects of parcussion in a very instructive form. And' 
it must be observed that it is not the excess of hammering which produces 
the effect, but the bhsence of a suffident degree of heiU at the Ume the 
hammering takes place ; and the evil may probably be all produced by 
four or five blows of tbeliammeT, if the bar happens to he of a smoll size. 
In this case we witness the combined effects of percussion, beat, and mag' 
netism. When the bat is hammered at the proper temperature, no such 
crystallization takes place, because the bar Is insensible to magnetism. 
Bnt as soon as the bar becomes of that lower degree of temperature at 
whioh it can be affected by magnetism, the effect of the blows it recdves 
is to produce magnetic indaction, and tliat magnetic induction and conse- 
quent polarity of its particles, when assisted by further vibrations from 
additional percussion, produces a. crystallised texture. For it is perfectly 
well known that in soft iron, magnetism can he almost instnntimeously 
produced by percussion, and it is probable that the higher the tempera- 
ture of the bar at the time it receives the magnetism, the more likely will 
it be to allow of that re-arrangement of its molecules which would con- 
stitute the crystallisation of the iron. 

It is not difficult to produce the same effects by repeated blows from a 
liand-bammer on small bars of iron ; but it appears to depend upon some- 
thing peculiar in the blow, which to produce the effect must occasion a 
complete vibration among the particles in the neighbourhood of the part 
which is struck. And it is remarkable that the effects of the blows in all 
caeesseemtobo confined within certain limited distances of the spot which 
receives the strokes. Mr Charles Manby has mentioned to me a circum- 
stance vriiich fiilly hears out this statement. In the machine used for 
blowing air at the Beaufort Iron Works, the piston-rod of the blowing 
cylinder, for a considerable time, had a very disagreeable jar in its motion, 
the cause of which could not be discovered. At last the piston-rod broke' 
off quite short, and close to the piston; and it was then discovered Uiat 
the key had not properly fastened the piston and the rod together. The 
rod at the ^cture piesentcd a very crystallized texture; and as it was 
known to have been made from the very best iron, it excited considerable 
surprise. The rod was then cut at a short distance from the fractnrc, 
and it was found to be tough and fibrous in a very high degree ; shewing 
what I have already pointed out, that the effects of percussion generally 
extend only a very short dbtance. In fact, we might naturally expect,. 
that, OS the effect of vibration diminishes in proportion to the distance from 
the stroke which produces it, so the crystallization, if produced by this 
means, would also diminish in the same proportion. The efi^t of mag- 
netism alone may also be estimated from this circumstance. The tod 
would of course be magnetic throughout its whole length ; this being a 
necessary consequence of its position, iadepcndent of other cireum- 
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ttuiow ; but the necessaijr force of vibnt^on among it< particles onlj ex- 
leaded for a short diatuice, and to ttist extent onlf did ttie nystalliution 
praeeed. Theefisctof nagnetismiiiaHLBtlDg thcciTBtalUiatioD, I think it 
unnecesMfy to dwell upon, as the extendve use tk gnlTanic cnrreuts in 
modem dmea has fullf ptoved thoii power in crjslalliiing some of the 
most refmctotj substances; but by IheiDBelvea thej are unable to produce 
these efibcts on iron, oi at least the operation most be extremeljr slow. 

Another circumstance which occurred under Mr Manbj's observation, 
conQims ^neiallf the preceding opinions. A small bar of good tough 
iron was suspended and stnick contiuuouelj with small hand-hammers, 
to keep up a constant T9)Tation. The bar, after the experiment had been 
continued for some oonsiderable time, became so extremely brittle, that 
it entirely fell to pieces under the light blows of the haud-hammers, pre- 
senting throughout its Structutc a highly crystallized appearance. 

The fracture of the axles of road-Tchicles of all kinds is another iu' 
stance of the same kind. I have at different times examined many 
broken axles of common road-Tchiclef, and I never met with one 
which did not present a crystallized fracture ; while it is almost cer- 
tain that this could not hare been the original character of the iron, 
as thej have frequently been used for years with much heavier loads, 
and at last have broken withont any apparent cause, with lighter 
burdens and less strain than they have formerly borne. Tlio ef- 
fects, however, on the aziea of load-vehicIes are generally extremely 
slow, arising, I af^ehend, &oin the fact that, although they receive a 
great MMmnt of vibrotion, they possess a very small amount of magnet- 
ism, and are not subject to a high temperature. The deforce of magnet- 
ism they receive must be extremely small, from theb position and con- 
stant change with regard to the magnetic meridian, the absence of 
rolation.and thebmsuladon by the wood-spokcs of the wheels. Whether 
the effects are equally slow with iron-wheeb osed on common roads, may 
perhaps admit of some question. With railway- axles, however, the case 
la very differenL In every instance of a fractured railway-axle, the Iron 
has presented the same crystallized appearance; but this effect, I think, 
wo shall find is likely to be produced far more rapidly than we might at 
first expect, as these axles are subject to other influences, whidi, if the 
theory here stated be correct, must greatly diminish the time required to 
produce the change in some other cases. Unlike other axles, those used 
on railways rotate with the wheels, and ctmsequently must become, dur- 
ing rotation, highly magnetic. Messrs Barlow and Christie were the 
first to demonstrate the magnetism by rotation produced in iron, which 
was aCtervrards extended by Messrs Herachel and Babbage to other 
metals generally, in verifying some experiments bj M. Arago. It can- 
not, I think, be doubted, that all i^way-axles become from this cause 
highly magnetic during the time they are in motion, though they may 
not retain the magnelism permanently. Bnt in the axles of locomotive 
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BDgtnes, w« bare yet another oanse which tt»y tend to incream the ef- 
fect. The *aporizatioii of water and the effluence of steam have dreadjr 
been stated to produce large quantities of negative electricity In the 
bodies in contact with the vapour; and Dr Ure has shewn,* that nega- 
tive electricity, in all ordinary eases of crystalKration, instantly deter- 
mines the crystalline arrangement. Tliis, of course, must affect a body 
of iron in a diSeccnt degree to that of ordinary cases of crystallization ; 
but Still ife see that the effects of these varioaa causes all tend in one di- 
reclion, producing a more rapid change in the internal structure of the 
iron of the axle of a locomotive engine, than occurs ta almost any other 

Dr Wollaston first painted out that the forms in which native iron is 
disposed to break, are those of the regular octahedron and tetrahedron, 
or rhomboid, consiating of these forms combined. The tough and fibrous 
character of wrouglit iron is entirely produced by art; and we see in 
these changes that have been described, an effort at returning to the na- 
tural and primal form ; the crystalline structuie, in tad, being the natural 
state of a large number of the metals ; and Sir Humphrey Davy has shewn 
that all those which are ftisible by ordinary means assume the form of 
regular crystals b3- slow cooling. 

The general conclusloQ to which these remarks lead us, appears, \ 
think, to leave no doubt that there is a constant tendency in wrought 
iron, under certain circamBtances, to return to the crystallised state ; but 
that this crystalliiation is uot necessarily dependent upon time for its de- 
velopment, but is determined solely by other circumstances, of which the 
principal Is undoubtedly vibration. Heat, within certain limits, though 
greatly assisting the rapidity of the change, is certainly not essratisl to 
It ; bat magnetism, induced either by percussion or otherwise, ia an esaeu' 
tiat accompaniment of the plienomena attending the change. 

At a reoent sitting of the Academy of Sclencea at Paris, M. BosquSIoD 
made some remarks relative to the causes of the breaking of the axle 
on the Veisailles railroad ; and he appears to consider that this cryslal- 
liiation was the joint effect of time and vibration, or rather, that this 
change only occurs after a certain period of time. From what has here 
been said, it will be apparent that a fixed duration of time is not an es- 
sential element In the operation ; that the change, under certain circum- 
stances, may take place instantaneously ; and that an axle may become 
crystallized in an extremely short period of time, provided that vibrations 
of sufficient force and magnitude be communicated to it. This circum- 
Btance would point out the necessity for preventbg as much as possible 
all Jar sod percussion on railway-axles. No doubt one of the great &ults 
of both engines and carriages of every description— but particularly the 
latter— is their possessing fat too much rigidity; thus inCTeasing the 

■ Journal of Betence, v<fl. v. p. 100. - 
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force of every blow ptodnced by the numerous causes incidooUl to nul- 
way transit ; by causing the wliole weight of the entire body in motion, 
to act by its momentum in eonsequence of the perfect rigidity <^ Uie 
sereral parts and the manner of their connection mth each other, instead 
of such a degree of elasticity as would render the different parts nearly 
independent of one another, in the ca«e of sudden jerks or blows ; and 
wtuckngidity must produce Tery great mischief both to the road and to 
.the machinery moving upo;; it. Tlie looseners <tf the axles-in their brasses 
must also be another cause which would greatly increase this evil. 

Although I have more particularly aUaded to the change in the inter- 
nal stniotuie of iron with Teference to the effects on railway-axles, it ireed 
scarcely be observod that thesameremarks would apply to a vast number 
of other cases, where iron, from being more or less exposed to umilar 
.causes of action, must he similarly acted upon. The case of nulway-axles 
Appears to he of peculiar and pressing importance, well deserviug the 
most serious consideration of scientific men, and particularly deserving 
the attention of those connected with railways, or otberways engaged in 
the manufacture of railway-machinery, who have the means of testing the 
Bcouracy of the theory here proposed. For if the views I have stated be 
found to harmonize with the deductions of science, and to coincide with 
-the remits of experience, they may have a very important effect upon 
public safety. It may be observed, on Caa other hand, however, that at 
the present time all railway-axles are made infinitely stronger than would 
■be necessary for resisting any force they would hare to sustain in pro- 
ducing fracture, provided the iron were of the beat quality ; and to this 
oiroumstanee may perhaps be attributed the comparative freedom from 
serious accidents by broken axles. The necsssity for resisting flexure ' 
and the effects of torsion, are reasons why railway-axles never can be 
made of such dimensions only as would resist simple fracture ; but it 
would be very desirable to possess some accurate experiments on the 
strength of wrought iron in different stages of its cryBtalliiation, as there 
.ean be no doubt that very great differences exist in this respect, end it is 
probable that in most cases, when the crystalliaatjon has onea commenced, 
the continuance of the same causes which flist produced it goes ou con- 
tinually increasing it, and thereby further redaoea the cohesive strength 
«f the iron. 

E:IRL 8TBEET, Man ^l- 1843. 

[Several samples of broken railway-axles accompanied this paper, and 
were exhibited at the meeting. In some of them the same axle was 
broken in different places, and shewed that where the greatest amount of 
percussion had been received, the crystallisation of the iron was far more 
extensive than in those parts where the percussion had been less.] 
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On a Be^arrangement of the Moleeulet of a Body afUr Sotidt^ 
cation. By Bobbkt Warihotom, Esq.* 

Havihs occuton lately to prepaio some alloja of lead fot the putpoce 
of lecture-Ulustration, I was much surprised at an alteration taking place 
in the arrangement of the partiebB of one of these alloys, as sheini by 
the appearance of the sai&ces of fracture, tttler the metal had assumed 
the solid form. The alloy eiiperiinented on nras that knotrn as Newton's 
fusible metal, composed of 8 parts of bismuth, 5 of lead, and 3 of tin. On 
pouring this alloy, in the melted state, on a marble slab, and breaking it 
ns soon as solid, and when it may be readily bandied, the exposed sui- 
fiices were found to exhibit a brigbt, smooth, or coDchoidal metallic ap- 
peurance, of a tin white lustre ; and the act of dieiuiiction at one part 
will, fi'eriuently, cause the whole to fly into a number of ftsgments, ana- 
logous to the breaking a piece of nnannealed gloss. 

The metal after this becomes so hot as to bum the fingers if taken up ; 
and when this e^olntion of heat bai ceased, the alloy Yrill be found to 
have entirely altered its chamctets, having lost its extreme biittleness, 
requiring to be bent to and tto Eeveral times before it will break, and 
presenting on fracture a fine granular or crystalline sur&oe of a dark 
colour and dull earthy aspect. Bimilai phenomena accompany the cast- 
ing of the foaible alloy of V. Rose, composed of 2 parts of bismuth, 1 of 
lead, and 1 of tin. 

The ikct of the evolution of heat from the allay of Newton, and its 
cause, MO thus noticed by Betzelius in his Tnitt dt Chimie :— " If this 
alloy is plunged into cold water, and quickly withdrawn and taken in 
the band, it becomes sofflcientiy hot, after a few moments, to burn the 
fingers. The cause of this phenomenon is, that during the solidiGcation 
and crystallization of the internal parU, the latent heat of these is set 
free, and commnnicates itself to the lurfiute before the fixing and cool- 
ing." The alteration in tbe internal arrangement of the particles, as 
proTed by tbe sur&ces of fracture, is not however noticed, and the ex- 
planation is defoctive, as it supposes the interior not to hare assumed the 
solid state until tiie evolution of the heat occurs. If snoh were the case, it 
would be seen on breaking it in tiie first instance. The phenomena can 
only be accounted for by admitting a certain degree of mobility among 
tbe particles, and that a second molecular arrangement takes place after 
tbe metal has solidified. This may arise from their not having assumed, 
in the first state, that direction in which their cohesion was the stronge«t. 

That a very marked and extraordinary alteration in tbe cluuacters and 



■ Communicated by the Chemical Bade9;bavincbeMi reid January 4 ,—i>iUI. 
M"!. S. 3, vol. xi, Ifo. L34 ; Bappl. Joly 1B43. 
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pN>pertie» of TftHoiu snbetancM arises entirelf from this oliange In tlie 
positioii of their component particles, etTected either by the commuDloa' 
tton or abslnctioD of heat after solidification, then can be no doubt. 
And these cbuf eg ue applied to manj very important purposes in the 
aria and manufactures— such as the h&rdeDing and tempering of steel, 
the rolling of commercial line, and tendering that metal permanentlj 
malleable, the annealing of glass, and a variety of other uses, paiticulariy 
in crystalliiatton, which might be adduced. 

The following experiments were nude to ascettain to what extent the 
emission of latent heat takes place. The melted alloj was ponred, in a per- 
fectly fluid slate, on a bulb of a thermometer, placed in a small plattDum 
CTU^le, having a capacity equal to about 70 grain measures of water, and 
■tandiog in a vessel of cold water or mercury. The thermometer, sur- 
rounded by the solidifiedmetaland crucible, was removed from the cool- 
ing medium before it had reached its stationary point, and the greatest 
decrease of temp«ature noted. The heat then rose rapidly again, and 
the maximum effect was registered. The fusing point of the alloy was 
SOS^ Fahrenheit, and the following results were ohtaiaed :— 

Xipar. 
1 thermometet fell t 



7 92 IBS « 

8 104 15S 61 

Bo diat in four out of the eight trials, a difference of 60° Fahrenheit 
was rendered apparent. 

In a platinum crucible of larger size, the effeob were not so mariced, 
31° Fahrenheit being the greatest difiference obtained ; this of course 
would arise iiom the greater bulk of the melted metal not exposing com- 
pantlvely so large a surface to the cooling medium. 



.On a Nem Method of lUuminatir^ Church dockt. By Mr R. 
Bhtsoh, Edinburgh. (Communicated by the Royal Scot- 
tish Society of Arts.*) 

Tub usual methods employed in the illuminating of church 
clocks at night have hitherto been liable, /rri, to the objec^on 

• Bead before the Boyal Scottish Sodety of Art* S3d Hot; 1»4>. 
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of cofiudenble expense in fitting op tbeself'^^iBgnuidiitiwy 
for lifting and extLngnithing the gas, and, teond^Xa the ia- 
distinctneaftoftW ft g MM Mnigbfc. To obritle ttilMh 1 {«»■ 
ftuvtke' fbllowing plan, which appears to ofibr serend adrBD' 
^^^- ng.1. 




The method now in use is illustrated by fig. 1. The whaeb 
marked 42 and 48 are the usual motion-wheels used in every 
clock for the purpose of connecting the bonds. An additional 
pinion of twelve is put on the wheel of 42 to turn th« wheel 
96. This wheel has thirteen pins, one boor's motion apart, 
which raise the lerer /, and allow it to fidl when the pins have 
passed. During the time the lever Is up (as shewn by the 
dotted lines), its opposite end m, by means of the connecting 
rod », keeps the lever o of the gas-cock p down, and thus 
nearly closes it, allowing the passage of just enough of gas to 
keep the burners at a blue flame. 

When the weight I drops, tbe handle o is raised, end opens 
the stop-cock p to its full extent, and the dial is thus illumt* 
nated. 

Fig. 2 is the meAod proposed as simpler, and acting witk 
much less friction on the clock, t r are tbe two motioa- 
wheels ; h is the hour-wheel of 48 teetb, driving the large 
wheel WW of 96, round the circumference of which are 
placed a series of holes, screwed to fit two pins with milled 
beads, one of which is represented at D. II are two le- 
verEsboth attached to tbe stop-cock C ; L L are portions 
of tbe two leading pipes which commnnicate with the bumers. 
pppp are the 4 pillars on wbtch the plate is supported for 
the pivots of the motion-wheels r r working in. A B is a 
strong wooden frame to which all the apparatus is attaehed. 
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The faoiir-irliecl i, which makes two revolutions in the twenty- 
four hours, haring 48 teeth acting into the large wheel W W, 
it conseijuently revolves once in the same period in a direc- 
tion from left to right When the- pin D arrives at the in- 
dined part of the right hand lever /, it movee it into the po- 
sition represented by the dotted line marked f (aeceDted)when 
its further progress is stopped by a: pin fixed to the frame A B. 
■rig.2. 




This motion turns the stop-cock C, and lowers the gas at the 
burners to a small blue flame, which is done at sunrise. The 
pin D, which has just acted, is placed on the inner side of the 
wheel W W, as is also the right hand lever I, Suppose the 
other pin to be at the position indicated by the lower W, and 
moving up to left hand lever f (accented), it will then be moved 
into the position shewn at the extreme left. A& the day 
lengthens, tbe pins are gradually removed from each other, to 
allow them to act at sborter intervals, and bronght nearer as 
darkness increasee. Thus, on the longest day, the pins are 
at then- maximum distance, so that the interval between their 
acting is only three hours; while, on the shortest day, they 
are at their minimum, and the interval is sixteen hours. The 
altering of these pins gives very little trouble, as one has only 
to be <jianged to the next hole every fortnight. 

The fiiction is so very small, that an ounce w^ght placed 
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at the extreme end of either lerer, is st^cient to Bbift.Ae 
stop-cock, and the time which elapses from the first contact 
with the lever imtil it has performed its office, is only ten 
minutes ; so that the friction on the clock only extends over 
twenty minntes during the twenty-four hours, while, ia the 
old ifiethod, fig. 1, the lever / is exerting a mnch greater fiic* 
tion during the whole continuance of daylight. 

The method which I have employed in constructing the 
dials, altho^igh no cheaper than those hitherto m use, poBsesses 
the advantages of greater distinctness, and remaining much 
longer clean. Each dial is formed of two discs of plate-glass, 
on the outmost sheet, but on its inner surface, are painted the 
hours and minutes iu black japan, A thm coating of white 
japan, very finely levigated, is then hud over all, which gives 
the dial the appearance of Bisque porcelain when illuminated, 
and appears during day as if it were fonned of glazed porce- 
lain. The inner disc is then placed in contact with the outer, 
and both fixed in their proper portion. 

This method saves the great expense of the building system, 
although the sheets of glass are nearly as expensive ; bat it 
keeps the dial clean ; the figures in the old method being made 
of cast brass or lead, and raised externally, become receptacles 
for dust, which each successive shower spreads over the trans- 
lucent surface, to the evident detriment of its usefulness. 

On the Mechanical Art» of PerHa. By Jjlmss Robebtsoit, 
Esq., Civil and Mining Engineer, Edinburgh, late in the 
service of the Shah of Persia. Communicated by the Royal 
Scottish Society of Arts. With a Plate.* 
Although, perhf^s, there is little to be gained in a practi- 
cal pmnt of view iiom a description of the Persian arts, it may 
still be interesting to contrast our own highly improved ma- 
nufactures with those of less advanced countries. 

Carpentry. — The art of carpentry, as understood in this 

* Tbo papen, of which tbii u an abstract, wera read before the Boyol 
Scottiah Socielj of Arts on 14th Dec. 1840, BlL Hwch 1841, ud 88th Feb< 
atT7 1842. 
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eoantFy, can Bcarcelj^ be sitid to exist in Persia, the greatest 
efibrts in this department being tbere confined to tlie con- 
struction of fiat roof^ of inccmsidcrable span ; and this might 
be expected, from the circamstance of timber being there ex- 
ceedingly scarce. 

For forming roofs a species of poplar is generally employed, 
but for other purposes, oak, chesnnt, plane, and the other 
kinds of hardwood are used. The hard timber, as'sold in the 
bazaars, is all of small scantling, as it has to be brought from 
the forest on the backs of mules or camels. 

In accordance with the invariable custom of all Eastern 
artizans, the carpenter sits upon the ground while at woric. 
Instead of a bench, a strong stake is driven down before htm, ' 
leaving about 10 inches above the ground, and upon this he 
rests bis work, and keeps it steady with his feet. The facility 
with which the work ts executed, in such a disadvantageous 
position, has always been a subject of surprise to European 
workmen. In the royal arsenals, however, English tools are 
used, and a better system of working has been introduced, 
under the superintendence of British ofiicers ; but in the na- 
tive workshops, the workmen are still to be seen squatted on 
the ground ; and, when it is considered that they have been 
accustomed to this position from their infancy, and that ^eir 
tools are of such a nature as to act with efiiciency when used 
in this way, it is scarcely to be expected that any alteration 
in their mode of working could be effected by mere example. 

The principal tools are the Frame-saw, Fhtte V., fig. 1, This 
is somewhat like the English pit-saw, but less in size, and it 
is used by drawing backwards and forwards ; the timber be- 
ing supported at one eud. Hand-saw, fig. 2. The board to 
be cut up is placed against the stake already noticed, and kept 
steady with the foot ; and as the teeth point backwards to- 
wards the handle, the weight of the body assists in ^ving ef- 
fect to the instrument. These saws are Uiin and light, as they 
have not to resist a thrust like ours. 

Adze, fig. 3. This is a most useful tool, and I have noUoed 
English workmen in Persia using it in prererence to the axe 
or paring-chissel for light work. 

VOt. XXXIII. NO. IXVI.— OCTOBBR 1842. ' U 
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Planes, figa. 4, 5, 6, 7. As these plane-irena have no eoreiv. 
the planes are used across the grain of the wood. 

Hammer, fig. 8. 

Nail, fig. 9. loBtead of a head, part of the thick end is beat 
out thin, and this is turned over with the hammer as the uail 
is drivtn down. 

Bow and Drill, fig. 10. This is a good instrument, asd is 
used R8 a brad-awl, gimblet, and brace and bit. 

To this list many smaller tools might be added. 

Smithmork. — As the work on which the Persian blacksmiths 
have to exert their skill is usually small, their tools are light 
and »mple. The iron generally osed is of Russian mannbc- 
ture, which is brought from the ports on the Caspian Sea on 
the backs of males. In the northern parts of Persia, mal- 
leable iron is manufactured directly from the ore ; and this 
description of iron has been long esteemed for making excel- 
lent hcH^se-shoes, and horse-shoe nails. 

A short time since I described this manuiacture in a com- 
munication to the Royal Society ; and as the paper has been 
publbbed in their Transactions, any farther notice of the pro- 
cess is here unnecessary. 

As coal is almost unknown in Persia, the fiiel used by the 
smiths is entirely charcoal prepared from hard wood. The 
smiths stand when the work requires to be heated, but in 
finishing, or making smalt articles, they sit on the ground. 

The hearth is a small platform, without a chimney, having 
a low wall on (me side, to prevent the bellows being injured 
by tlie heat. 

Bellows, figs. 11, 12, 13. The bellows are double, and the 
two nozzles enter the twyre together. They are worked by 
a man, who stands between the handles, and by his pushing 
forward and drawing book the handles alternately a steady 
blast is produced. 

Anvil, fig. 14. For small work, a rectangular pieoe of iron 
is often used. 

Hammers, fig. 15. 

Tongs, fig. 16. 

Drill, fig. 17. This instrument is sometimes made of wood, 
and Knnetimes of iron, and works remarkably well, notwith- 
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stftudiiig its quick motion : it is worked by depresaing tbe 
smftll bari which reaseends at every stroke. A similar iiutni-^ 
nieot of smaller size is used in this country in die-sinking. 

Horse shoes are made thin and light, with a shup pn^eot-^ 
ing edge on the outside of the lower rim ; this projection, and 
the large heads of the ahoe-nails, enable the horses &nd mnlw 
to keep their feet on smooth rocks or ice- Aa the grater 
part of the hoof is protected by the shoe, the foot is not easily 
injured by sharp rocks ; and the small hole is the centre of 
the shoe enables the animal to lay hold of the sharp prqjec- 
tions met with in steep and otherwise impassable tracks, so 
that the horses shod in this way can climb and descend steep 
rocky paths with the greatest safety and speed. Sometimes 
a piece of felt is placed between the shoe and the hoof, 

Turning in mood. — This operation b performed by a car- 
penter while sitting on the ground. Two stakes are driven 
down before him, a short distance apart, and an iron spindle, 
with a small drum attached, revolves between them. The 
spindle is passed through the wood which is to be turned, and 
with the assistance of a bow and string passed round the drum, 
the spindle is made to revolve rapidly. The bow is worked 
backwards and forwards by the left hand, while the right holds 
the cutting-tool supported on a block of wood- 
Turning in metal is almost unknown. 

Sla»e-eutting. — -As the buildings are generally made of clay 
or brick, stone-cutting is little practised in Feroia. Grave- 
stones, millstones, and a few other articles, therefore, embrace 
the whole of the works of this description. When the work 
admits of it, the stone-cuttera sit upon the groond. The prin- 
cipal took are, small double-pointed picks, and mason irons 
resembling large nails, some pointed, and some chisel-shaped< 
With these tools the stone- cutters work very slowly, kdA it !a 
onlyafter immense labour that they succeed in brin^g a hanl 
stcme to the required form. 

For boring in stone, the instrument is an iron rod steeled 
at the end, but instead of a chisel point the end is cut ilat otf. 
Two parallel regular grooves are cut deep across this face, 
and these are intersected by three others at right angles, thus 
firing the end of the rod into twelve cmapirtraenta- While 
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boring, the bole is kept full of water, and while the rod- is ' 
turned round gradnally with the left hand, the blows ure 
stmek by a small hammer held in the right. - This method of 
boring is very tedioua. 

It has jnat been noticed that one of the principal employ-' 
ments of these stone-cutters is the formation of millstones ; 
and perhaps a few remarks on Persian mills may not be out- 
of place here. 

There are two descriptions of corn-mills, the hand-mill and 
the water-milL The first is composed of two small circnter 
stones, which are kept together by a peg in the centre of the 
lower stone, which passes through a lai^e opening in the upper 
one ; the grun is fed in at this opening, and while the upper 
stone is turned round by means of a small peg on its rim, the 
flour is thrown out at the edges. 

For moving the large stone of the water-mill a considerable 
fall is required. A hollow tree is placed in a sloping poution, 
from the end of the lead, and the confined water, in rushing 
from the lower orifice, acts upon the oblique and narrow float- 
boards of a horizontal wheel, about five or six feet in diameter. 
A perpendicular iron spindle passes from the water-wheel 
through the lower stone, and gives motion to the upper one, 
without any intermediate machinery. These mills are placed 
on the slc^s of hills when water can be commanded ; and as 
they arc generally protected by a fc^ified tower, and sur- 
rounded by a luxuriant grove of tall poplars, they form a pleas- 
ing feature of the landscf^ on approaching aPersian village. 

Method of Procuring Water. — As rain seldom falls tn Persia, - 
the farmers have recourse to irrigation for watering their 
fields. The water used in this process is procured either by- 
means of cuts irom the rivers in the vicinity, or more rarely . 
by & system of subterranean canals, which draw off the water 
from the high grounds. From a want of concert among the 
inhabitants, the water-conrses are seldom carried to any dis- - 
tance ; so that immense plains of the richest alluvial soil are 
met with alongst the banks of most rivers, which, by a little 
ciqtital and skill, could be made capable of yielding the richest 
crops, bat which at present aiFord only a transient pastnrage 
for the herds of the wandering Coords ; this is more particu* 
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larl; Ae case when tbe rivers affitrd little fall in their course, 
as the limited capital of the people precludes any attempt to 
conduQt a canal along an extended district, or the erection of 
machinery to raise the water even to an inoraisiderahle faeigltt. 
As Au* as I know, the celebrated Persian wheel is now un- 
known inthe country from which it derived its name ; nor is 
there any hope of fin^igners introducing a better system 
where property is so insecure. It must be admitted, however, 
that the inhabitants ^w no want of ingenuity or enterprise, 
when they see clearly the advantages of any undertaking 
suited to their limited means, and tiiis is strikingly displayed 
intheir mode of procuring water in the popolons diBtriots. 
They sink a series of small shallow shafts in the thick alluvial 
clay, and connect the pits by means of smalt mines or levels. 
A subterranean canal is carried in this way from the £ut 
ground till it meet the slope of the Eurrounding hills. At this 
point a cross mine is driven along the face of the hard strata, 
and numerous small openings are made into the roc^, wherev^ 
the water makes its appearance. Very considerable streams 
are often procured in this way, which gush from their bidden 
sources in a proftise cnrrent, after travelling several miles 
below ground, protected in their course by the clay cover from 
being evaporated by the overpowering heat of the ann. In 
travelling through the plains of Peraa, immense rows of small 
hillocks may every where be seen, marking the portion of 
these pits and the lines of the old canals, in districts now 
quite deserted ; and these at once shew the extent to which 
this system had at one time been carried, and the wretched- 
ness to which the country has now been reduced. 

Brick-Making. — A level space of ground having been se- 
lected, near a stream of water, the grass and vegetable soils 
are carefully removed. The ground is then broken at one 
extremity of the prepared platform, and the easily pulvwized 
clay is carefully passed through a ranall meshed riddle, and 
placed in the hollow, while the stones and roots are throwv 
behind. When a sufBoient quantity of riddled clay has beoa 
collected, a small stream of water is allowed to flow into t^ 
hollow, and the mass is brought to a proper consistency by 
treading. The prepared day is now deposited in different 
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smftll heaps upon the floor, which has been previoasly spread 
with finely riddled earth. The moulds are formed rf thin 
Wwjd, without any of those projections or handles wliich Ere 
sfeen in this countryi Foi* the common-siBed brick, the mould 
is formed about 9 inches square and I^ inch deep ; hut larger 
bricks are sometimes required, for paving courts and coping 
walls, for which another mould is necessary, 
■ The mould is placed on the ground, and the hrickmaker 
takes a part of the clay In his hands, and places it loosely in 
the mould. He then dips his hands in water and throws a little 
©fit around the inside of the mould, to prevent the clay from 
adhering to the wood. By a peculiv action of the hands the 
clay 18 then drawn from the middle and pressed firmly into 
the corners and round the sides of the mould, and the whole 
is afterwards levelled over, by a dexterous diagonal stroke of 
the right hand. The mould is now lifted off the brick, and 
placed to the right-hand side, close to, and in the same line 
with, the brick already formed, and it is again filled up in the 
same way. Thus he proceeds, frequently washing the mould 
in water^ till a straight line of bricks has been liud down, of 
many yards in length ; a second line is then commenced, ex- 
actly the thickne^ of the mould from the first, and the whole 
ground h finally covered with closely arranged rows of bricks. 
In two days or more, when the level space has been 
covered, the first made bricks become sufficiently dried to be 
handled, and the brickmaker now proceeds to place them 
upon edge, in lines ; !n a day they are sufficiently hard to be 
removed, and are then carried to a convenient spot, where 
they are built up edgeways in the form of a wall, one brick in 
thickness, with small openings between them, for the circula- 
tion of air. Whenever 20,000 or 30,000 have been collected, 
they are removed to the kiln, to be burned ; or if sun-drled 
bricks only be required, they are now ready for use. 

As coal is almost unknown in Persia, the brickmaker has 
recourse to a kiln of singular construction, well suited to the 
fuel he has mtat at command. To those unacquainted with 
Eastern economy, it may appear surprising that the fuel used 
by the lower classes, and even by persons in affluent circum- 
stances, is formed of the reftise of the stable imd cow-house. 
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As thU eabstance, however, emits little flame, the bridt-kiln 
has to be supplied with withered plants aod bushes, whicli 
are collected in abundance on the bills, whose strong though 
transient flames ascend through the interstices of the closely 
packed bricks. 

The brick-kiln may be shortly described as a small vault, 
. dug out of the ground, and surrounded by a wall of sun-dried 
, brick, having a door-way at each end for receiving the fuel. 

- It is closely covered by a series of very narrow arches, the 
fop of which forms the floor on which the bricks are placed ; 

- and this again is sui'rounded by a brick wall, with door-ways 
. for putting in and removing the bricks. See iig. 18. 

The bricks are arranged on edge in the kiln, and the door- 
ways are built up. A regular supply of fuel is kept up, by 
the two lower doors, until the required quantity has been con- 
sumed. During the first two or three hours, clouds of white 
vapour ascend from the top of the kiln. When this appear- 
ance has ceased, and thick volumes of dark smoke begin to 
arise, two or three layers of unburnt bricks are laid flatways 
over the top of the kiln. In about twelve houra the whole of 
the fuel has been thrown into tbe vault, and the two feeding 
door-ways are built up. The kiln is allowed to remain in this 
state for two or three days, and, when perfectly cool, the 
burnt bricks are removed for use. 

The bricks, when well prepared, are of a fine red colour, 
and of considerable hardness ; but, from the mode of manu- 
facture, one side is always exceedingly rough and uneven, but 

'.this is no disadvantage, as the joints in buildings are seldom 

.less than one inch and a half thick. 

It may become a question whether the method above de- 
scribed might not be successfully imitated in our own country, 

.particularly in those inland and secluded districts where co;il 
is dear, and yet where a demand exists for tiles and bricks for 
i^icultural and other purposes. 

It is difiicult to compare the Persian process with our own, 
but it may be noticed, that, in this country, a workman can 
mould about 700 paving tiles in a day, of exactly the same 
dimensions as the Persian bricks, but then the clay is prepared 

by machinery, and the moist tiles are removed by oUier hands. 

.The price of tjiese tiles, when niiule of common clay, is L.& 

Cocjlc 
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pes 1000. A Persian will pr^are the clay aod make about 
3000 per day, and the selling priee is only 98. per 1000 ; but 
it need scarcely be remarked that ttie bricks are of very infe- 
rior workmanship. 

lAm«-bumiag. — The kiln is constructed in the fotlowisg 
. manner. A circuit- excavation, of about ten leet diameter, 
and six feet deep, is made in the ground in a dry situation, 
and a eloping pathway cut down to the bottom on one side. 
A circular vail of nibble stone, two feet in thickness, is then 
built round the interior of the excavation. At five feet from 
the foundation, a scarcement of six inches ia left in the in^de, 
and the wall, thus diminisbed, is carried up six feet hi^er. 
A small door-way is left opposite the path, and another small 
opening immediately above it. A narrow door-way is also left 
in the upper part of the wall, but on tbe opposite side. See 
%. 19. 

In charging a kiki of this description a layer of limestone 
is first laid all round the scarcement, each piece projecting a 
little inwards, and these are firmly packed and wedged to- 
gether. A second layer, of larger pieces, is then laid over the 
first, which also projects inward beyond the first course ; a 
series of similar courses succeed, each being of less diameter 
than the preceding, the whole forming a dome-Ebaped ceiling 
of limestone, which i^ closed by a single stone at the top. 
Great attention is reijuired, (ktring the filling up, that the 
lai^r masses of limestone may be laid lowest and nearest the 
centre, and the smaller pieces towards the wall and u^ter 
part of the kiln. The door-way, in the upper part of the wall, 
is now built up, and a conical biU of chips thrown on the top 
of the broken limestone, in the kiln, and it is now ready for 
being lighted, A sufficient quantity of furze or withered 
bushes having been collected, near the kiln, the workman 
throws gradually, through the feeding aperture, so many loai^ 
of fuel as he judges necessary, to calcine the limestone. When 
the white vapour and smoke disappear, then a quantity of 
lime-riddling, ashes, or other refuse, is spread over the top of 
the kiln, and the feeding door-way built up. The kiln re- 
nuuns in this state for two or three days, and is then emptied 
by opening the upper door-way, and removing the burned 
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- linrntone^- inchidiDg the stones used in ftffming the dome. 
The ashes are used in the manufacture of soap. 

With a few improvements, this kiln might be osed ecKmo- 
mically for boroing lime, where peat is abundant, and eren 

. in most lai^e farms in this country, as much wreck and clip- 
pings are burned on the ground every year, as would be suf- 
ficient for calcining several kilns of limestone in this simple 
manner. 

Building. — Almost all the buildings in Persia are constructed 
either of clay or bricks. 

Cfay-Buiiding. — The clay is generally procured near the 
intended erectionr-and is brought to the proper consistency by 
mixing with water and treading with the foot. For walls, a 
foundation is cut out as far down as the vegetable mould, and 
this trenda is filled up with small stones and clay. The walls 
are built in courses, of about one yard in thickness, each 
coarse being allowed sufficient lime to consolidate before an- 
other is laid. The workman stands upon the top of the wall, 
and being supplied with pieces of clay by an assistant below, 
he elevates his arms and throws the mass forcibly down, and 
then treads die pieces more firmly together with his feet. 

The layers are brought to the required batter, and smoothed 
on the outside, by means of a flat cutting spade. The heat 
and extreme dryness of the climate, soon render a wall of 
this description hard and firm, and they last a very ]<mg time, 
as rain seldom falls. Most Persian villages are surrounded 
by high walls of this kind, having Sanking towers at every 
angle, and a rude ditch in fronts from which the materials 
were excavated, and even the fortifications of the principal 
cities are constructed of the same material. Almost all the 
houses are also built in tliis way, and it is only when room is 
valuable that thin partition-walls are erected of bricks. 

Briek-Suitdittff. -^Of this there are two kinds, — buildiBgwith 
sun-dried brick, and with kiln-dried brick ; the method of build- 
ing, however, is much the same for both. The mortar is gene- 
rally clay, mixed with chof^ted straw, and sometimes contain- 
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iag a sUikII proportion of lime. WMIe btailding, th« wmfkiaM) do 
not use atrowet, bot lay the mwtof with the hand. The bond is 
^mple, as the bricks are square, and do Hot admitofmaoh variety 
of arrangentent. The mortar-joints are uSnaliy from one te two 
inches thick and very irregular, unless in ai^es or doOT-waye, 
when a good deal of neatness is often exhibited. As timber is 
very scarce) brick-arches and domes are common. The semi- 
cylindric arched roof is built in this way ; after the ^de walls 
and gables of the space intended to be covered have been erected, 
the curve of the arch is marked out upon one of the gables, 
and this is plastered over with the commou clay-mortar ; a 
layer of brick is then stuck upon the mortar ; and as the bricks 
are thin and light, they remain firm till the ring is completed, 
and then small chips are pinned into the joints, at the opening 
ends. When one layer is finished, it is plastered over with 
mortar, and a second layer is stuck upon it !n the same man- 
ner. In this way an arch of wiy required length, and of con- 
siderable ^an, is quickly constracted, witkont centering. If 
the- bricks were made sufficiently thin and light, this mode of 
building would answw well in this country for arching tunnels 
and drains, and for mining purposes. 

- Lai^ spaces are often covered over by a brick-dome, or by 
a series of domes supported on pillars. The pilUrs being built, 
thin arches are thrown with the assistance of a slight cen- 
tering from pillar to pillar, thus dividing the space to be 
Covered, into square compartments. The domes aie then com- 
pleted in the way described for the common arch, vrithout 
centering, the workmen placing layers -of brick on the fonr 
sides, alternately. These layers get shorter and shorter as the 
work proceeds towards the centre, and the wtH'kmen, judging 
-by hifl eje alone, gives the whole intrados such a curve as to 
form a neat dome when completed. When the domes ore 
-Very large, stucco is used as mortar, and the bricks, instead 
of being placed on edge, have thefa: faces downwards, and their 
edges joined together by the cement. 

For light walls, hollow building is common. The first 
tourse is of one brick on bed ; in the second, two rows of bricks 
-are placed on edge, forming the two faces of the w^, end 
-an upright -brick is placed acto^. at every joint.; the third 
course is brick on bed agiun, and so on. This kind of building 
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iVoUld answer Well in this country forthe upper parts of garden- 
' walls, and generally for building when strength is iiot re- 
quired. 

The roofs of dwelling-houses are commonly flat, and formed 
of popiar-trees, neatly peeled — small laths are placed across 
the beams, and a coarse nlat, made of reeds, is plained on the 
top ; a layer of furze is laid over the mat, and the whole U 
covered by a considerable thickness of clay; the top of the 
" clay is gently sloped, abd rendered impervious to water, by 
being coated repeatedly with clay and chopped straw. 

In the houses of the wealthy, the rOof Is lathed and plastered 
in the inside, and often beautifully painted and gilt. 

The walls of inferior houses are plastered with clay and 
chopped straw, which has a neat clean appearance ; while the 
apartments of the rich are beautifully finished with stucco, 
which is either left plain, or decorated with gilding and 
panting. 

It is unnecessary to tiarrate the arrangement of Persian 

■ houses, as good descriptions of these are to be met with in 

■ the works of recent travellers : and the writer has throughout 
limited hb observations to such processes as have not been 
hitherto noticed. 



On N'ebulcB. By M. Arago.* 

Definitiotu. — The above is the name applied to the diffused 
tpoU which astronomers have discovered in all parts of the 
heavens. These spots or lights appear to depend on two en- 
tirely different causes, of which it is necessary to give some 
brief explanation. 

The stars are very unequally scattered through the firma- 
ment. In certtun regions they are crowded ; elsewhere we 
may traverse very extensive spaces, either with the eye or 
wiUi a glass, without perceiving one. This general want of 
uniformity in the richness of the etarry heavens, has not been 

* From the Higtorical and Critical Analysia of the Life and Works of 
Sir William Hewchel, in iha Attmatre pour P<bi liW3,ywwn(i an R/dparU 
Bareau da Lonffitudtt. 
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properly stndied till onr own times. It bas led to some m^ 
nificent results respecting tlio constitutioa of the nniTerse, 
of whicli we sfaall soon make mention. At present we haTe 
to do only with certain agglomerations of stars, which u« local 
and Tery circumscribed ; such, for example, as the gronp of the 
Pleiades, the mass with which t Argus is Bmrouoded, w that 
which has been remarked in the c<u)Btellation Cancer, and 
which bears the name of Prtetepe, &c. &c. 

To every short-sighted person, thePl^ades have the appear- 
ance of a confuted matt of light; but when a glass is nsed, 
which does not magnify, or the vision is rendered distinct by 
simple spectacles, &e principal stars of this groQp are seen 
separately, and become detached, I ma; say, from one another. 
The Pleiades, then, are a nebula only to certain observers, 
and even that only when they do not use i^ctacles. In t^e 
group of Cancer, the different stars being more condensed, the 
Matural human vision cannot separate them ; the light of one 
star becomes extended and scattered oo the retina, min^M 
with the light of the neighbouring star, on account of the im- 
perfection of our organs, and the whole forms a conftised ma&s> 
Avail yourself, on the contrary, of a telescope, even of anall 
power, and the image of each star becomes greatly concen- 
trated, is thus separated from the image of the contiguous star, 
and the luminous mass ktses the character of difiusion, which 
can only be legitimately maintained in the class of true ne- 
butie. ■ 

In order to attain this result, umple spectacles and a weak 
glass have been found sufficient when we observe the Pleiades 
and the group of Cancer. There are luminous spots which 
we cannot resolve into groups of stars, but by the aid of the 
best telescopes and strong magnifying powers. Those which 
have rented magnifiers of 50, 100, 150, and 300 times, give 
way under magnifiers of 500, 1000, and upwards. It was thus 
that Herschel succeeded in transforming into agg^merations 
of stars, the greater part of the nebnhe which Messier, who 
used less powerful glasses, believed to be irreduciUe, and which 
he called nebuls without stars. 

Nature of NebulcB. — The considerable number of nebulae 
which, when viewed with ordinary instruments, seem luBt* 
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DOBS eloodB, ttid of whieli Herschel effected the decompoution 
into stars by meanii of telese^^es of 10, 20, and 40 feet, led 
this great astronomertoanwbgeneralization. He muntaincd 
for many years, that ^ nebaln wt% masses of stars ; that there 
is no other essential dilfere&ce between nebulse, the most dis- 
siffiihr m appearanee, bnt a greater or less distance, or n 
greater or less condensation, in the Stars composing them. He 
thus placed himself in direct opposition to Iiacaille, who, on 
Ihs retura friNB the Cape of Good Hope, wrote thus, in the Me- 
moirs of the Academy of Sciences ffw 1755 : — " It is not cer- 
tain that the whiteness of these parts (the clouds of Magellan 
and the whitenesses of the Milky Way) is caused, as is commonly 
Bi^poBed, by masses of small stars more thiddy crowded to- 
gether than in other parts of the heavens ; for with whatso- 
ever attention I examined the best defined extremitjes, whether 
of the Milky Way, or the Magellan elouds, 1 perceived nothing 
with a glass of 14 feet, but a whiteness in the depth of the 
^;, without observing more stars than in other places where 
the dcy was obscure." Minute and very delicate observations, 
made in entire good faith, at last induced Hersebel to modify 
his first opinions. In a memoir of 1791, we find the fol- 
lowing words :— " There are nebulosities (whitenesses) which 
are not of a starry nature." Once having come to the opinion 
that there exist in the celestial spaces numerous masses of 
diffused and luminous matter, Hersebel saw a field of research 
open before him, almost entirely new, and which he explored, 
in all its- parts, with indefatigable zeal. The amount of ne- 
bula? then surpassed the restricted limits which had been usu- 
ally assigned to them; his object was no longer merely to 
remove imcerttunties and the mistakes of astronomical ob- 
servers; to prevent the wandering comet, even from the time 
of its first appearance, from being ever confounded with an im- 
moveable nebula, notwithstanding the apparent resemblance in 
their physical constitution and their great similarity of form.' 
It came to be well understood, from that period, that stars, 
planets, satellites, and comets, were not the only objects to 
which the investigations of astronomers ought to be directed. 
The non-condensed celestial matter, — the celestial matter 
nearest, if the ,expresaon may he allowed, to the elementary 
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lUt^ i^Mnd not teat worthy of atUBtiov, md prepMitf^i^ 
•elf to minds wnbned with wme {Jiilos^b;, u a frvitfol 
source of discoveries. 

HUlarieal Sketch y Uu Dueovtry ^^^etw^r-The first !>«•. 
bnla of which mentiat is Dwde in the aaasb of a^nmma; , is 
the nebala vX Aninmedm. It was obserTod b; Sanon Maria9 
in 1612. This sstroBomer oempared the lif^t of the oebnls 
of Andromeda to that of a eandle seen throng a thin platf of 
bom, and the com^risan is not inae«ir«te> Newly half % 
century had eltqiaed from the time of Harins, when, in the year 
1656, Haygena obaerved Uie larf^ nebula in the constel^t^on 
Orion. In 1716, Halley, when ennmenting the known ne- . 
hnk^ fosnd that they amoonted only to «x : the two abeady 
mentioned ; one, the discovery of wbieh he asmbea to Abpabam 
Ihle, but which, befwe 1665, bad already been noticed- by^- 
Hevelius ; it ia between the head and the bow of Sagittarius ; 
the nebula situated in the Centaur, which Halley discovered in. 
the year 1677, while he was wcH-king at the catah^ue of stars 
in the aouthem heavens ; the nebula near the right or northern 
foot of Antinous, which Kirch observed in 1661 ; finally, a ne- 
bala, the discovery of which is also due to Halley, utnata in 
the constellation Hercules, (m a strught line drawn froip \ to 
n of Bayer, 

Daring his residence at the C^w of Good Hope, LaeatUe 
fixed the position of 14 nebuln, in which his feeble inatmments 
shewed nothing definite ; and that of 14 others, which the 
same glasses, on the contrary, decwnpoeed into stars. A few 
years afWwards, the amount ef these objects was notably ex- 
tended. Meeraer's catak^^oe, cammuuicated to the Academy 
in 1771, and inserted, with some additions, in the CoNiunsMUW* 
d«$ tempi of 1783, contained 68 nebnln, which, with the ad- 
dition of Laculle's 28, formed a total of 98. Thia l»aneh 
of science made the moat r^id pro^vss, as soon as Her? 
Bchel brought to its servioe his pow^rfiil instruments, a rue 
degree ofpenetration, and indomitable perseveranee. In 1786, 
thb learned philosopher published, in the 76th volume of the 
PAUcophieal Tratuaetioiu, a catalt^e of a thodiahd nebulae, 
or masses of stars. Three years afterwards, to the great 
astonishment ttf observers, a sec<md eatalogue appeared, as ex? 
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tpnJtivA »Btbfl first. To thftt Bueceeded, in 1803, a tlu{4 eato> 
logu» gf five b)}Bdred new oebulffi. TWo tl^suaand Jive hunUrtd 
nebulas — such, then, wfls Herschel'f oon^bution to a br«n^ 
of astxonooay 8Dfu<^ely entered upon before his time. The exr 
tent of it, at the same time, is the least merit of this great work,' 
aa we shall see. 

BESOLVABLE NEBULA. 

Tk^r form. — Nebolffir-r^ven those to whiidi that same is 
improperly given, ac which can be resolved into stars by meaos 
of powerful telescopes,— present themselves under a great va- 
riety of forms. There are seme of them which, being greatly 
elongated ajid very nurow, may almost be taken for simple 
luminous lines, straight or serpentine ; others, opening in the 
shape of a fan, resemble an ai^ette diverging from a strongly 
electrified point. In some oases, the Goptours have no regu- 
larity ; in others, one would suppose they had the head and 
nacleus of a comet. Let us attend to miqre detailed defini- 
tions. 

CHrcuiar NeMtB. — The oircular form is that which resolva- 
ble nebulte appear most conunonly to assume. Herscbel de< 
voted himself to the examination of circular nebulse in a most 
particnkr manner. He has deduced from his obserTations im- 
portant results, of which 1 shall endeavonr to give an exaet 
idea. 

The circular form is only apparent ; the real form must be 
globular or spherioal. An observation which I shall imme- 
diately refer to will render this evident. 
' In general, the stars of which these nehulse are compowd 
appear to be very nearly of tlie same size.* Tbey are distri-' 



* AUboQgh the rule I have pieBcribed for myself prevents me entering 
upon mamoira posterior to those of William Herschel, I cannot re- 
sist the tempt^tioB of bris^ng fiwnraid in this place tvo carioni oImsvm* 
tions by Jiunes Dimlop. This aBtronomcr, during his residence at Para- 
matta, New Holland, remarked, at im 29™ SOs of right ascension, and 
Ed'lG' of southern polar distance, a resolvable nebula of 10' diamet«r, in 
which shone three f«<i stars and B jieffow one, displaying theso peculiar l(iiulg 
of light in the midst of a multitude of white stars. On aootbsr ooMUWt 
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bated around ^e centre of the figure witli perfect regularity. - 
Accor^i^ly, at equal distances from this centre, the lanuQO- 
sity is absolutely equal in all direc^ns. 
- If we place at a very great distance a spherical nebula, in 
which ihe stars are equally condensed in the centre, edges, 
and throi^hout ; the eye will misrepresent this composition. 
Let OS bring the Tisoal ray which traverses the sphere near 
the margin. The space comprised between the point of en- 
tering and issuing will be very short ; the ray will therefore 
fall upon very few stars. In proportion as this visual ray ap- 
proaehes the centre, the part comprised in the sphere will 
become longer, and the number of stars it encounters will go 
on increasing. The maximum will be observed in the centre 
itself. 

The gradual augmentation of intensity from the margin to 
tlie centre presented by all nebulte apparently circular, may 
thus be considered as a matufest proof of the globular form, of 
the iqtherical shape of the starry group. 

It is easy to push these considerations further. 

We have stated that the parts of the visual rays which are 
comprised in a sphere, go on increasing in size from the mar- 
gin to the centre. If the sphere is filled with stars equally 
distant, the lengths of these parts of the visual rays will be 
prc^rtioned to the number of stars which the rays touch upon ; 
they will give the meaaure of the luminous intensity of all the 
regions of the nebula from the edge to the centre. Well, let 
us bring nearly parallel lines across a sphere. Near the edge, 
these lines wUl vary in kttgth rapidly ; near the centre, on the 
ccmlxary, they tviii vary very little. The nebula ot^t, tiiere- 
fcve, 40 vary in splendour very rigidly at the edges, and scarce- ' 
ly at all in the centre. This is the reverse of what is vrit- 
nessed. There must be something inaccurate, therefore, in 
the hypothesis with which we set out ; we must have been 
vrrong in supposing that stars exist in all the parts of the 



hu powetful tieleecope, directed to \0^ 4Sni fia of right R 

Bit* 10' of polar distance, presented a nebnln to bie view of 3^' diameter, 

eompo$i4 ttttirefy of ifaiitA tlort. 
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-spiiere in a state of equal concentration. The rapid aug- 
juestatisn of inteasitj' towards Hie centre, the presence of 
a kind of lumioous nucleus in the centre itself, prove tbitt 
Uie stars are more condensed there, and around it, than in any 
other pUce. Such a result is important, at once by its nature 
and its generality. It ought to be considered as an obvious 
indication of the existence of a clustering power directed from 
all parts towards the centre of the globular group. 

Number of stars contained in certain globular Nebula. — It 
would be impossible to give a detailed and exact enumeration 
of the total number of stars of wbich certain globular nebula 
are composed ; but we may arrive at certain limits. By tak- 
ing account of the angular spacing of the stars situate near the 
edges — that is to say, in the region where they do not project 
one over another, and comparing it with the total diameter of 
the group, we ascertain that a nebula, whose diameter is about 
10 minutes, and whose apparent superficial extent is scarcely 
eqnal to a tenth of that of the lunar disc, contains no less than 
twenty thotuand ttars. 

The dynamical conditions fitted to secure the indefinite pre- 
servation of such a multitude of atars, cannot easily be ima- 
gined. Are we to suppose that the system is in repose ? The 
stars would in time fall upon each other. Are we to assign 
to them a rotatory movement round a single axis I SMiocks 
would become inevitable. Further, is it proved, a priori, that 
the globidar systems of stars must be preserved indefinitely in 
the state in which we now see them I 

Perforated or jinnular Nebulx. — Herschel classed among 
the curiosities of the firmament a nebula previously inserted 
under No. 57 in the old catalogue of the Connaissance dea 
Tempt. But that justice may be done, let us hasten to add 
that Messier and Mechain, with their feeble glasses, had nei- 
ther perceived any star in the nebulosity, nor discerned its 
real form. 

This nebula appears as a somewhat elliptical ring of stars. 
A dark hole is seen in the centre. The two axes are in the 
proportion of 83 to 100, The obscure opening occupies about 
the half of the diameter of the nebula. ■ ■ 

VOL, XXXIII. KO. LXVI. OCTOBER 1842. X 
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Neliulce are not uni/ermiy disieminttted fkrot^h all the re- 
gion* of the heavens. — Herechel, on first entering on the study 
of nebulfe, made an important remark ; he found that they ge- 
nerally form strata. One of these strata ia very broad, and 
lying in a direction almost perpendicular to the Milky Way ; it 
is the stratum in wliich the Great Bear, Caasiopea, Berenice's 
Hair, and Virgo, are fonnd. In the middle of one of the stra- 
ta in question, Herschel perceived no fewer than 3X perfectly 
distinct nebule in the short interval of 36 minutes. 

Nebula: considered in Iheir relations to the surrounding, 
spaces. — The spaces which precede and follow simple nebuhr, 
and still more grouped nebulte, generally contain very few 
stars. Herschel found this rule invariable. Accordingly, 
whenever it happened, after the lapse of a short time, that no 
star was brought by the motion of the heavens within the 
range of his fixed telescope, be was accustomed to say to the 
secretary who assisted him, " Make ready to write, nebulie 
are just approaching." 

The spaces poorest in stars are near the richest Nebuke.^ln 
the body of Scorpio there ia a space of four degrees in breadth 
in which no stars are to be seen. On the western edge of 
this vast obscure opening, lies the nebula marked 80 in the 
catalogue of Connaissance des Temps, which Herschel consi- 
dered the richest and most condensed mass of stars which the 
firmament can offer to the contemplation of astronomers. 

The same phenomenon recurs near the fourth nebulous 
group of the Connaissance des Temps. This group is likewise 
situated on the western edge of a space which contains no 
stars. 

Let us connect these facts with the observation which has 
shewn that the stars are greatly condensed towards the centre 
of spherical nebula, and with that which has afforded the 
proof that these stars sensibly obey a certain power of conden- 
sation (or clustering power), and we shall feel disposed to ad- 
mit with Herschel, that nebulae are sometimes formed by the 
incessant operation of a great number of ages, at the expense 
of the scattered stars which originally occupied the surround- 
ing regions ; and the existence of empty, or ravaged spaces, to 
use the picturesque expression of the great astronomerj will 
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no longer present anytMng which ought to confound our 
imag^fttion. 

NEBULOUS UATTBK. 

Let us pass from nebuls resolvable into stare by the aid of 
powerful telescopes, to those which have never been sub- 
jected to such decomposition, and turn our attention to those 
masses of diffused luminous matter scattered here and there 
in the firmament. 

The diffused matter occupies very extensive spaces in the 
heavens.' — Herschel published, in 1811, a catalogue of 62 dif- 
fused nebula?, not resolvable, or at least not resolved, into 
stare, among which some are to be found extending to 4° 9' 
in one of their dimensions. The apparent superficial extent 
of one of them exceeds that of nine circles of a degree in dia- 
meter. The superficial extent of the whole together amounts 
to 152 of these circles, which is about the 270th part of the 
number of such circles which form the entire surface of the fir- 
mament. 

The great luminous spots have no regular form. — The forms 
of the very large diffiosed nebulse do not appear susceptible of 
definition ; they possess no regularity. They are found with 
their contours rectilinear, curvilinear, and mistilincar. Cer- 
tain spots terminate distinctly, abruptly, and strongly marked 
on one side, while on the opposite side they mingle with the 
light of the sky^by an insensible degradation. There are some 
which throw out very long arms to a distance ; in others, large 
obscure spaces are to be observed in the interior. All the fan- 
tastical figures assumed by clouds carried along and agitated 
by violent and often contrary winds, are found repeated in the 
firmament of diffused nebulse. 

The diffused nebulce of a rounded form are not of great di- 
mensions compared with the others. Sometimes (and this cir- 
cumstance appears highly deserving of attention) there exists 
between these rounded, very distinct, and well circumscribed 
nebuls, a very slender thread of nebulosity attaching tbem 
together by their circmnferences ; one might call it a Und of 
index, a visible witness to their common origin. 
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Of the L^kl of true Nebufas.-^Slarry nebulie have be*n re- 
garded for ft long time as true nebulie. We must not, there- 
fore, expect to discover dissimilarities of a very decided 
character between the lights of these two natures of bodies. 
NebnUe, composed of a diffused, continuous, phosphcwescent 
matter, have, however, quite a peculiar and indefinable aspect, 
with which the most ancient observers who had an opportu- 
nity of esamining the heavens with good glasses, appear to 
have been particularly struck. 

Halley, for example, did not hesitate to regard the light 
of the nebdce of Orion and Andromeda, as depending on quite 
a particniar pause. " In reality," he says, "these spots are 
nothing else but the light coming from an extraordinary great 
space in the ether, through which a lucid medium is diffused 
that shines with its own proper lustre."* 

Derham is not less explicit ; the light of ncbulie, according 
to him, could not be that of a congregation of stars. He even 
proceeds to ash if, as many philosophers formerly believed, 
there may not exist beyond the sphere of the remotest stars, 
a r^on entirely luminous, an empyrean heaven, and if these 
nebalie be not this shining region seen throi^h an opening, 
a chasm, of the sphere (probably crystalline) of the primum 
mobile. 

Voltaire mentions Derbam's opinion in one of his ingenious 
romances. 

" Mieromegas," he says, " traversed the Milky Way in a 
short time ; and I am obliged to confess that he never saw, 
across the stars with which it is sprinkled, the beautiful em- 
pyrean heaven which the illnsbious vicar Derham boasts of 
having seen at the end of his glass. Not that I allege that 
M. Derham saw wrong ; God forbid ; but Mieromegas was 

■ We find in tlie Memoir Irom whicU I extract tliia pasaasc, a mmartc, 
wUck is the mora Bingutnr, aa it was miule by a man who almost openly 
profcMed infidelity. '' Tliis," wrote tho friend of Newton, " seems fully to 
reconcile that difficulty which some have moved against the description 
Uoses gives of the creation, alleging that light could not be created witliout 
thaaaii.. Bat in the instances of Nebals; tbo contrary ia manifest ; for sonie 
of tbew bright spots discover no sign of a star in the middle of tbem." 
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upon the spot ; lie b a good observer, and I will contradict no 

It would l>e ' impossible to criticise Derhnm's stiange con- 
ception in a better spirit. I am only astonished that Voltaire, 
who knew every thing, did not remember that the aathor 
of the Aslro-Tfieoloffy was not the inventor of the empy' 
rean, Anaxagoras alleged that the upper regions (the ether) 
were filled with fire. Seneca had said : Openings are some- 
times formed in the heavens, through which we perceive the 
flame which occupies the interior. In describing the nebulie 
of Orion, Huygens expresses himself thus : " One might say 
that the celestial vault, having opened in this place, permits 
us to behold the more luminous regions beyond." 

Finally, if such authorities, from their antiquity, do not ap- 
pear to establish with sufKcient evidence the fact that there is 
something characteristic in the light which emanates from 
trae nebulte, I shall cite the recent words of Herschel tlie 
younger ; *' In all the (resolvable) nebulse, the observer re- 
marks (whatever may be the magnifying power) shootings 
forth as from stars, or at least he believes that he feels as if 
he would perceive them if his vision became more distinct. 
The nebula of Orion produces an entirely difi^erent sensation, 
giving rise to no idea of stars." 

Distribution of the phosphorescent matter in trite Nebula — 
Modification which attraction produces in it with the lapse of 
time.— The light of these great milky spots is generally very 
feeble and uniform ; here and there only, we remark some 
spaces a little more brilliant than the rest. 

On what can this augmentation of intensity depend ? Does 
it depend on a greater concentration, or a greater depth in the 
nebulous matter ! The choice between these two explanations 
is not a matter of indifference. 

The places where a comparatively bright light is observed 
ill these great nebulosities, are commonly of small extent. If, 
then, we wish to ascribe the phenomenon to the greater depth 
of the nebulous matter, it is necessary to suppose that a kind 
of column of the same matter corresponds to each of the pointr 
in question ; a rectilinear column, very condensed, and di- 
rected exactly towards the earik^. This specialty of direction 
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may seem possible in Bucii or such partioular point. It could 
not be the same either for the whole of the circumscribed ra- 
diating places presented by the whole firmament, nor even 
for two, three, or four of these places which arerem&rked in 
a single nebula. It must, therefore, be admitted, that it is the 
produce of a condensation, an increase of density in certain 
points of the nebulous spaces, the vast extent of wiiioh we 
have already computed. 

Is this condensation the effect of an attractive force, ana- 
logous to that which predominates over and regulates all the 
motions of our solar system ? Such is tlie magnificent pro- 
blem which we must now endeavour to solve. 

In after times, it wUl be sufficient to throw a double glance, 
one on the nebuls of the period, and another on the drawings, 
so admirable for their delicacy and fidelity, which astronomers 
of the present day have given of them, to enable the question 
to he decided, whether time sensibly alters the dimensions and 
forms of these mysterious groups ; but antiquity having left 
no term of comparison in this respect, we are reduced to the 
necessity of encountering the pi-oblem by indirect means. 
However, I have every reason to hope that the solution of it 
will not appeal' much the less evident. 

The phenomena, which the existence of diverse centres of 
attraction, spread over the whole extent of a single and vast 
nebula, ought to produce, would develope themselves in this 
order : — 

Here and there, the disappearance of the phosphorescent 
light ; the commencement of breaks in the continuity, or rents 
in the primitive luminous curtain, the necessary result of the 
motion of the matter towards the attractive centres ; 

The increase of the rents, tliat is to say, the transformation 
of a single nebula into many distinct nebulie, but little distant 
from each other, and sometimes connected by very delicate 
fillets of nebulosity ; 

The roundinff of the exterior contour of Uie separate nebu- 
lae ; an augmentation more or less rapid of their intensity from 
the circumference to the centre ; 

The formation at this centre of a nucleus, very apparent 
either by iu dimensions or its splendour ; 
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The passage of each nucleus to a stellto- state, wttli the oon- 
tinuaace of a slight surrounduig nebulosity ; 

Finally, the precipitation of this last mentioned nebulosity, 
and, as the definite result, as many etars as there were dis- 
tinct centres of attraction in the original nebulosity. 

And in what length of time can a single and the same ne- 
bulosity undergo all this series of transformations ? Of thiswe 
are absolutely ignorant In some instances, jjerliaps millions 
of years would be necessary; in other instances, with other 
condition! of extent, density, physical constitution, and pbos- 
phoreacent matter, much shorter periods would be sufficient, 
as the sudden appearance of the new star of 1572 seems to 
indicate. 

, Tlie miequal rapidity of the transformations leads to one 
important consequence. In departing from this basis, it is evi- 
dent that the nebulae, if they were alt of the same age, must, 
taken alloffelher, present the various forms which I have enu- 
merated. To one region, ages would scarcely bring a visible 
accumulation of phosphorescent matter round some centres of 
attraction ; towards another region, owing to a more precipi- 
tate movement of concentration, we should already find groups 
of nebulce with a nucleus ; nebulous stars would at last pre- 
sent themselves here and there, as the last step leading to 
stars properly so called. 

.Ail these states of the nebulous matter indicated by theory, 
observation had discovered beforehand. The argument is as 
satisfactory as could be desired ; only, instead of following tho 
transformations in a single nebula step by step, their develop- 
ment and prc^ess have been determined by observations made 
on them collectively. Is it not thus that the naturalist acts, 
when he is compelled to describe, for all ages, the habit, size, 
form, and external appearances of the trees composing the 
forests he is rapidly crossing ! The modifications which a very 
young tree shall undergo, he perceives distinctly and unequi- 
vocally with a glance of the eye at an object of the same kind 
which has already arrived at the most complete degree of 
growth and development. 

Hielorical details on the transformation of Nebula: into Stars-^ 
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Examination of the dificuUies tchich tkete tdeat of tranaforma- 
tion have raised. — It has been enough for ns to groap couve- 
tiiently the diverse forms which diffused nebnlss affect, in order 
to arrive at the most important eosmogonical conclusion. By 
means of the natural and sober combination of observation 
and reasoning, we have established, with a high degree of 
lirobability, that a gradual condensation of the phosphorescent 
matter leads as the last term to sideral appearances ; thai wt 
at last arrive at the formation of true start. 

This bold idea is not so new as is imagined. I can, for ' 
example, trace it hack as far as Tycho-Brah6.* 

This astronomer, in fact, regarded the new star of 1572. k. 
the result of the recent agglomeration of a portion of the dif- 
fused matter, disseminated throughout the whole imiverse, 
which he called celestial matter. 

According to him, celestial matter existed in the Milky Way 
in much greater abundance than elsewhere. Must we then be 
surprised, he says, that the star should ha\-e made its appear- 
ance in the midst of this luminous btuid ? Tycho even saw an 
obscure apace, as large as the half of the moon's disc, in the 
very place where the star appeared. He had no remembrance 
of having obser\'ed it before. 

Kepler, in his turn, composed the new star of 1604, of 
the agglomerated matter of ether. This matter, when in a ■ 
less complete state of condensation, seemed to him the physi- 
cal cause of the atmosphere with which the sun is enveloped, 
and which shews itself under the appearance of a feeble lumi- 
nous crown during the whole continuance of total eclipses of 
the sun. The new star of 1672 was formed in the Milky Way ; 
the new star of 1604 was not fu: distant from it. Kepler saw - 
in this coincidence a plauMble reason for assigning to the two 
stars the same origin ; only he added : if the milky matter con- 

* I purpoEelj put aside th« idea of the Brahmin philoiophei'a, that there 
exitti, besides the four terrestrial elementa, a fifth dement, the Akatdi, of 
which the heaven and etnrs ore formed. The Akaach may undoubtedlj be 
legitimately likened to the nebulouB matter of modem astronomers ; but no- 
thing, I believe, would amthorixe the supposition that the Indians ima^aed 
that neiv stars nere engendered, in out own times, and nudei our eyes, at 
tb« expense of Ihe Akuch. 
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tiQually engenders stars, why is it not exhausted ? Why does 
the zone which contains it appear not to have diminished since 
the time of Ptolemy ? This difficulty truly contains nothing 
importaut : what means have we of knowing in what state the 
Milky Way was 1500 years ago ? 

Of the condengation the diffa»ed matter must undergo in order 
to be transformed into Start. — The opponents of the great ideas 
I have referred to, seem to have entered upon a more serious 
field of objections, when, founding their opinion on the exces- 
sive rarity of the diffused matter, they assure us that the 
whole of this matter observed in all the regions of space, 
would not compose a star comparable to our sun in gize and 
density. A calculation of Herschel's has reduced the diffi- 
culty to its true- value. 

Let us take a cubical agglomeration of nebulous matter, the 
side of which, seen from the earth, subtends only an angle of 
ten minutes. Let us suppose that this agglomeration is situated 
in the region of stars of the eighth or ninth magnitude. The 
calculation will shew, that its volume will rise to more than 
two tiillions of times that of the sun. This result may be put 
in this other foi-m : the diffused matter contained in the cube of 
10' the side, after having been condensed more than two tril- 
lions of times, would still occupy as large a volume as our 
sun. Now, have these objectors reflected on the condensa- 
tion expressed by the prodigious number of two trillions ! 
The objections against the actual production of stars, founded 
on the rarity of the diffused matter, may therefore be set en- 
tirely aside. 

Comp€atative inlennties of the total light of a Nebula, and the 
condensed light of a Star. — After having examined the ques- 
tions of volume and density, it ought to be asked if the feeble 
scattered light of a nebula would be sufficient to produce, by 
means of concentration, the lively, penetrating, scintillating 
light of a star X 

Herschel, I believe, never studied t3ie problem in this light. 
But, if I am not mistaken, it may be illustrated in a few 
words. 
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Nothing being first established in principle, I hasten to re- 
mark, that the ccmdeneatioQ of the diffosed matter doea not 
incrtase the luminour properOea of each <tf the moleoulw. 
Sut I set entirely aside this possibility of increase of splen- 
dour, and reduce the question to very simple terms ; are the 
feeble lights spread over all the points of such (^ such a 
diffused nebula, equal in tht sum, to the light of mch or snch 
a star 1 

There are no practicable experimental means of convenient- 
ly uniting in a single point, the light emanating from the 
whole superficial extent of a great nebula. The inverse opera* 
tion is, on the contrary, easy. If we gradually vrithdraw the 
glass of a telescope from the place which it occupies when 
the vision is distinct, we see the image of each star successive' 
ly enlarge and lose its intensity. In displaying one of these 
images in this manner, till we make It fill nearly the whole 
field of vision, we make it at last not more brilliant than the 
milky nebula. This once obtained, calculations into which 
various elements enter, as well as various corrections of which 
I cannot give a complete enumeration without exceeding 
the limits imposed on me, lead to the results sought for : I 
may say to the numerical approximations which exist between 
the intensities of the total lights dispersed over a great extent 
of milky nebula, and the concentrated light of stars. The 
result of these experiments and calculations strengthens the 
ideas of Tycho, Kepler, and Herschel, on the transformation 
of nebulee into stars. 

Changes observed in certain Nebulee. — By comparing the 
observations of the years 1780 and 1783, with those of 1811, 
Herschel found that the nebula of Orion had sensibly changed 
both in form and extent. This tvas, according to tlie expres- 
sion of Fontinelle, to have caught Nature in the fact. 

Boulliaud, Kirch, and Le Grentil, believed, as early as 1667, 
1678, and 1759, that the nebula of Andromeda underwent 
great variations. Mairan says the same thing of the nebula 
of Orion, and supports his statement by the authority of Go- 
din and Fouchy ; astronomers, nevertheless, continued in un- 
certainty. They remarked, not without reason, that,- in or- 
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drar to be in every respect comparable, observations on objects 
of such Email brilliancy, and ao ill defined, ought to be made 
at all the diflferent periods with glaBses of the same power ; 
but this condition had not been attended to. Herschcl, on 
the contrary, strictly conformed to it His teleBCope, in 1811, 
in no respect differed from the instrument of 1783. This 
gave him the confidence to say : I have proved these changes, 
iPha. Tram., 1811, p. 334). The proof AiA not appear so in- 
disputable as to prevent the son of Sir William from recently 
ranking himself among the sceptics. John Herschel's beautiful 
memoir is too much out of the plan I have chalked out for 
myself, to permit me to analyze it in this place. 

. Planetary Nebulee. la it true that, in order to explain the 
uniform luminoHty of their diict, it ii indiMpensably neceuary 
to euppoae that the diffuted matter is opaque after it reachet a 
certain degree of concentration ? — Herschel applied the above 
name to nebulie which resemble the planets of our system 
in form. They are circular or slightly elliptical ; some have 
tbeir contours distinctly defined ; others appear surrounded by 
a slight nebnlosity ; their light is equally bright over the whole 
extent of the disc. Among the planetary nebulse diaeovered 
by Herschel, I find some often, fifteen, thirty, and even sixty 
seconds in diameter. 

Herschel regarded the physical constitution of planetary 
nebulse as very problematical. His fertile imagination could 
furnish him with nothing very plausible or satisfactory on this 
subject. These bodies could not he likened to the globular 
nebulte composed of stars, without explaining why their light 
did not present any increase of intensity towards the centre. 
To transform the planetary nebulre into stars, properly so 
called, was to disregard all analogy ; it was to create stars 
with actual diameters thirteen thousand times greater than the 
diameter of the sun (diameters of 4600 millions of leagues), 
and to ascribe to stars a kind of dull light which no star has 
hitherto exhibited. 

After much hesitation, Herschel decided on considering the 
planetary nebulse as agglomerations, already very muck con- 
densed, of the diffused matter. This assimilation, it cannot 
be disguised, demands a hypothesis which appears not very 
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natoral. In order to explain why the lustre of nebulous 
planetary discs is not much stronger in the centre than to- 
wards the edges, it is necessary to admit that the light does 
not come from the whole depth of the nebula (otherwise its 
intensity would increase with the number of material and ra- 
diating particles contained in the direction of each vbual ray) ; 
it is necessary to reduce the radiation to the state of being 
purely superficial ; we must grant, in other words, that when 
it attains a certain density, the difiused milky matter, as one 
would call it, ceases to he diaphanous. 

I do not know, but it seems to me, that all these suppo^tions 
may be avoided by admitting that these planetary nebulse are 
nebulous stars, so remote from the earth that the central star . 
no longer predominates by its splendour over the diSused lu- 
minosity with which it is surrounded- It would be superfluous 
to repeat here what I have already said in another part of this 
essay. 

I add a single word on the danger that would arise from 
drawing too absolute consequences from the evolutions of the 
diffused matter, and the various forms it may assume when 
iigglomerating. Has it not been alleged but lately, that, in the 
nebula of Orion, the milky substance is not in immediate con- 
tact with the stars of tbe celebrated trapezium so well known 
to all astronomers ? Has it not been said that these stars are, as 
it were, isolated in the midst of the nebulosity, and that a dark 
space surrounds them ? Astronomers, I admit, have not yet de- 
moHslraled that we ought to see, in the phenomenon of which 
I have spoken, any tiling else than a simple efiect of contrast ; 
nothing proves that it is any thing else than a very feeble 
light becoming effaced by the contact of a more brilliant one. 
.To remove all doubts, it is necessary to throw, by means of 
the reflection of a flat diaphanous mirror with parallel faces, 
placed before the object-glass or the aperture of a telescope, the 
image of some star on the image of tlie nebula, and observe if 
tbe image of the star thus reflected shall seem likewise sur- 
rounded with a dark space. In the mean time, every thing 
authorizes us to suppose tbat the milky molecules are sub- 
jected, in tbe vast regions of space, to forces of which wo 
have no idea. The observers who have followed the pro- 
digious, and often almost instantaneous, changes of Halley's 
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comet in its lost appcarnncG, wilt not gainsay me ; the reserve 
I recommend will appear to them, 1 hope, quite natural. 

Diffused cosmic matter, not luminous of itself, and imper/eclly 
diaphanous. — Herschel thinks tliat be has determined, by the 
observations I am about to mention, that besides the dilTused 
matter, luminous of itself, of which we have spoken so much, 
there exists in space another equally diffused, but not radiat- 
ing, and imperfectly di^hanous. 

In March 1774, this celebrated astronomer perceived on the 
north of the great and beautiful nebula of Orion, on both 
sides of the celebrated nebulous star signalized by Mairan, 
two other smaller stars surrounded in the same manner with 
circular nebulosities. 

In the month of December 1810, the nebulosities of these 
two small stars were dissipated. On the 19th January 1811, 
no trace of them was to be seen, even with a telescope of 
39 feet. With regard to the nebulosity of the principal star, 
it had undergone no change save becoming very much weaker. 

Herschel believed that the three nebulosities in question 
were not real. When a star is seen through a mist, it appears 
to be in the centre of a luminous glory. This glory is com- 
posed of a portion of the mist illuminated by the star. An 
analogous cause produced, according to this illustrious astro- 
nomer, the nebulosities observed in 1774 around the three 
stars mentioned ; only, the ordinary mist was replaced by a 
cosmic matter, nearer to us than the three stars, situated, 
however, in the high regions of the firmament, and in imme- 
diate connection with the great nebula of Orion. The matter 
did not shine with its own light, since, at a certain distance 
from the three stars, no trace of it was seen. It reflected 
strongly towards our eye the starry rays which traversed it, 
under incidences very little removed fi:om the perpendicular ; 
it wanted that extreme diaphaneity which our fancy takes plea- 
sure in conferring on gaseous matters situated in the celestial 
spaces ; finally, it was by obeying a clustering power, which 
all the nebulous matter of Huygens is subject to, that it ceased 
ID 1810 to interpose itself exactly between the two small stars 
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and UB, and thus it happened that the phenomenon so viaHe 

in 1774 no longer existed 36 years after,* 

Such is Herschel's theory, if I understand it aright. I shall 
not here consider whether it might not have been more simple 
to assimilate the circular nebulosities of the three stare of 
Orion to the luminous atmospheres of ordinary nebulous stars, 
than to attribute the weakened light of the largest, and the 
disappearance of the two others, to a motion of the atmo- 
spheres towards the centre of each star. I see nothing in tlie 
observation which, at first sight, would oppose this mode of 
explanation ; but the strictest caution is a duty whenever wo 
differ from the opinims professed by the illustrious astronomer 
of Slough. 



UILKY WAT. 

Opiniom of the A ncienU on the Milky ^ay.— Such is the 
name applied to the luminous whitish zone which every one 
has remarked in the starry sphere. Every one also knows 
that this zone goes round the whole firmament ; that it very 
nearly traces one of its great circles, not, however, without 
undergoing a sharp bifurcation from which results a secon* 
dary bow, which, after continuing separated from the princi- 
pal arc for the extent of about 120°, again becomes con- 
founded with it.^ .. 

The Milky Way excited the eager attention of the ancient 
philosophers. Manilius describes at length, in his poem. 



* The authenticated difappeannce of & itair^ nebnlocity would ba a ymrf 
extraoidiuaiy phenomenon and verj fiuitful in results. I have, thereferr, 
thought it requUite to mqaire whether the annala of Bcience offer an; fact 
analogous to the two dted by HerBcLel, My search has not bmn, in my 
opinion, unfruitful. Lacailla, during Ms residence at the Cape, saw in the 
constellation Atgo (310 Bode) five small atars in the CBHtre of a nebnloaitjr, 
of mhich Mr Dunlop, with much better instrumeot*, could perceivB no 
traces in 1026. 

t Thebreadthof the UilkyWa; seems very unequal In some place* it 
does not exceed 6°; is others the breadth is 10° and even 16° lu ttto 
branches, between Berpentarins and Antinous, retire more than 2V of th« 
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the coD3t«llaticHia whioh it traverses. He likewise iru^es 
DS acquainted with the greater number of the explanations 
which have been given of this imposing phenomenon. These 
fruits of Grecian famrf, and such as it may be possible to col- 
lect from the other writers of antiquity, do not deserve, in 
the present day, the honour of a serious examination. Of 
what importance is it to science — I might almost say of what 
importance is it to the history of science — that Aristotle has 
said of the Milky Way, " that it is a luminous meteor, situ- 
ated in the midUe regioH ?" Does any one desire to know 
that they have gone the length of seeking for the origin of 
this immense whitish girdle in the drops of milk which the 
infiiat Hercules let fall from the breast of Juno ;* and in the 
burnt track which was left behind by the chariot of Phteton, 
or by some star suddenly darting, in former times, from its 
ordinary place, and shooting across space ! Must we re- 
nund the reader that (£nopides and Metrodorua believed 
that the Milky Way u the route which the sun anciently 
abandoned, as it approached its present zodiacal course, and 
to which it was confined a sufficient length of time to leave 
indelible marks of its passage ? From the time that comets 
have irretrievably broken in pieces the solid spheres to which 
the ancients attributed soch an important part in the me- 
chanism of the universe, no more attention lias been paid to 
an often cited passage of Macrobius ; a passage in which this 
author informs us that Theophrastus regarded the Milky 
Way as the line where the two hemispheres, which, accord- 



* Whaa Uieg^vatCond^ confined hiuaelf to milk as his sole Doiuariimeiit, 

ft poet of the daj, eniuueialed in Latin verse the true or im^inuy (soper- 

ties of the precious liquid. Fonlenelle translated the piece of P. Conunire. 

I shall here qnote the verses relating to the Hilk; Way. 

Yoyei ces astres dont i peine 

II parvient jiuqn' & nons nn faiUe lueur : 

C'Mt )i ce mSine lait q^oi tomba psi malhenr 

De la bonche do fils d'Alcm^ne : 

Et comme il eQt ^t^ pezdu, 

Jupitet mdiugea ces pr^cieuEee gouttes : 

En asbei il les chaagea (oDtes, 
Et du Chemin de I^t voili ce qn'on a so. 
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ing to him, compose the celeBtlal vault, are united or soldered 
together. The eztravi^aiice aod absurdity of these concep- 
tioDS ia a reason for ^ving more prominence to a thoaght of 
Democritns, again brought forward and illustrated by Ma- 
nilius, which presents so much that is subtile, ingenious, and 
difficult to discover. Accwrding to these philosophers, if the 
Milky Way shines with a lively lustre, it ia because the stars 
in it are too close upon each other for us to see them, coti' 
sideriag their prodigious distance, one by one ; it is because 
tlie images of so many stars greatly condensed are confounded 
with each other. 

Opiniom of the Modemg : Galileo, JFrigkt, Kant, Lambert. — 
As soon as he directed one of his earliest telescc^es towards 
the heaveoB, Galileo diacoTored multitudes of new stars. The 
sixth magnitude ceased to be the last limit of visibility. The 
belt and sword of Orion, in which tlie Greek and Arabian 
astronomers could count only eight of tliese stars, exhibited to 
him upwards of eighty. The Pleiades exhibited thirty-six to 
him, instead of the sis or seven of the ancients. The Milky 
Way presented distinct stars, where nothing before had ever 
been seen but confused lights. Thus, Galileo again revived 
the explanation of Democritus ; but siqtportiag it by precise 
observations, he brought il out, to a certtun point, ^m the 
domain of mere conjecture. Ever since it has been almost 
generally adopted. 

The explanation of Democritus and Manilius left entirely 
aside circomstances, not less worthy of the attention of astro- 
nomers than are the light and whiteness of the Milky Way : 
I speak of the /onw of the phenomenon, its continuity, and the 
almost perfect coincidence of its principal branch with one 
of the great circles of the sphere. A coincidence so singu- 
lar, a continuity so astonishing, cannot be the effect of chance ; 
these are two things which cannot but have physical causes. 
The investigation, the profound study of these causes, seems 
to have been a predominating object with Hergchel. It is in 
the form, in the position of the Milky Way, considered al- 
ways as an agglomeration of stars, that the illustrious astro- 
nomer conceived that he had discovered the secret of the con- 
struction of the heavens, 
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Before an&lyung the immense labours of Herschel rel&tire 
to tlte Milky Way, I ongfat to draw attention to the fact that 
tbree thinkers, if not three ebtemers, had preceded him in 
this career ; these are Wright of Durham, Kant, and Lamhwl. 
A few words will be sufficient to shew that these three names 
do not deserve the oblivion into which it has been the custom 
to let thorn f^l. 

I have been unable to procure Wright's memoir, and know 
»ot even the title of it ;• hut I find at the date of 1756, in 
Kant's Theory of ike Heavens, that the Durham savant rcijectcd 
all idea of a fortuitous and confused dispersion of stars, as 
irreconcileable with the appearance of the Milkj Way ; that 
its aspect, on the contrary, ted him " to admit a systematic dis- 
position of the stars around a ground plane.*' 

Kant, in accordance with the quotation just given, completes 
Wright's idea. He observes that the plane on both sides of 
which the stars are grouped, minst necessarily pass by the earth. 
" In admitting,'' be adds, '' that the stars are nearer the plane in 
question than the other regions of space, our eye, in plunging 
into the starry plain, would believe that it perceives on the con- 
tour of the apparent vault of the firmament, the wheh of the 
stars near the plane ; they will there form a zone which will be 
distinguished from the rest of the heavens by a greater luminous 
intensity. This zone of %ht will extend itself in a great 
circle, since the eye of the observer is supposed to be in the 
plane itself of the stratum of stars. The stars, finally, being 
very small and very numerous, will not he distinguishable 
one from another ; they will produce a confused light, of a 
uniform whitish colour ; in other words, a milky way. 

Kant was well aware that, in his hypothesis, the appear- 
ances of the starry heavens ouglit, to a certain point, to present 



* It liM occurred to me at tUis momont to consult the recently printed 
GBtAlogue of tbe library of the Eoynl Society of Laedon, and I find the fol- 
lowing; ' Wrtqht (Tbomag) Clavit eorUitU; being the explication of a 
diagram entituled, A Sytjopsia of the Universe, or the Visible World Epito- 
mized, iio. London, 1743.' I do not know whether ilia this book or that 
which I find indicated in Lalonde's biography, under the title. The Thxiy of 
Uu Univertt, wliich Kant has cited. Both of them ore anterior to the work 
of. the astronomer of KiEnigsbe^. 
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something gndiuL Thus be adds : " The Teg:ioii8 net 0am> 
prised in the whitish track of the Milkj Way, are the richer in 
stars the nearer they approach the centre of that track ; the 
greater part of the 2000 stars discernible in the firmament bj 
the naked ej-e, is incloded in a zone not very broad, of which 
the Milky Way occnpiee the centre." 

Kant condensed his ideas in the fewest wtvds possible, 
when he c^led the Milky Way " Ihe world of aarlds." 

We likewise find an explanation of the Milky Way, in ^he 
Cotmoloffieal LetlerM published at Leipsic in 1761. From the 
contemplation of the heavens, l>ambert came to the following 
conclusions : The system of the stars is not spherical : the stars, 
on the ccntmry, are arranged nearly in a nniJbrm manner be^ 
tween two planes extending in every direction, and compara- 
tircly near each other ; onr snn occupies a region but little 
remote from the immense stratum of stars. This is almost 
exactly the whole of the hypotheses adopted by Kant in his 
Hiatory of Ihe Heavens. How has it happened that six yeard 
after the publication of this work. Lambert has made no men- 
tion of the views developed in it ! And bow is it that, 20 
years later, Herschel, when addressing himself to the same 
problems, never allowed the name of the philosopher of Koraiga- 
berg, or of the geometrician of Mulhouse, to drop Jrom his 
pen P These are two questions which I cannot answer. 

HerschtVn labours on the Milkg Way. — I hasten to take np 
the minate analysis which Herschel substituted for the imper- 
fect sketches of his predecessors. 

We have perceived that the brilliant zone, the physiod 
cause of which the great observer wished to discover, may 
have nothing real in it. It has been shewn that it is vary 
possible that it may be only a deceptive appearance, a simple 
effect of projection. It was not enough, therefore, to enume- 
rate the stars in the regions alone where they appear moet 
condensed ; it was necessary to enquire if, in gradually re- 
tiring from these regions, their number diminished with re- 
gularity or without rale. Such a labour seemed to demand 
the united efforts of jnany generations of astronomers. Her- 
Hcbel, however, executed it alone, and in a few years, at least 
as far as the question of the Milky Way required. Tba 
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method be foUowed has acquired ^^%9.t celebrity from its re- 
salts. It was, besides, rery simple, and consisted, according to 
tbe pictoresque expression of the illustrious author, in gaining 
the heaven*. 

In order to determine the comparative mean richness in stars 
of any two regions of the firmament, the observer made nse ofa 
tdescope whose field embraced a circle of fifteen minutes di- 
amefer. Towardftthe middle of the first of these regions, he 
counted auccessirely the ■■■■tiiii of stars included in ten fields 
contiguous, or at least, very near eadt other. He added 
these numbers, and divided the sum by 10. Ths quotient 
was the mean richness of the region expired. The san* 
operation, the same numerical calculation, gave bim an enalo- 
goBs result for the second region. When this last result was 
double, triple, — decuple the first, he legitimately deduced the 
Consequence fixHn it, that in an equal extent, one of these 
re^ons contained twice, three times, or ten times inore stars 
than the other ; that it presented a condensation, a degree of 
richness, double, triple, decuple. 

The gauging tables, or soundings of the firmament, which - 
form part of a memoir printed in 1785, in the 75th vol. of the 
Phil. Trans., present regions where the mean number of stars 
embraced in the field of Herscbera telescope was only 6, 4, 
3, 3, and 1. We even find some among which at least ,^r 
successiTe fields were required to meet with three stars. Else- 
where, on the contrary, these fields, although so restricted, — 
these circnlar areas of 15' diameter,^-contained 300, 400, 500, 
and even 588 stars ! When the telescope was directed to- 
wards the most thickly peopled regions, the eye, applied to the 
glass, saw, in the short interval of aquarter of an hour, 116,000, 
stars ! These numerical results are truly prodtgioue. The 
word prodigious, in relation to the number 116,000, will seem 
no exf^^ration to any one who knows that the stars visiMe 
(0 the naked eye throughout the whole«iights of the year, do 
not exceed about 5000, and that the ancients were acquaint- 
ed with only 1022. The word will appear equally natural if 
we apply it to the 400, 500, and 600 stars seen simultaneous- 
ly in the telescope, provided it foe kept in mind, that, with a 
diameter of \ff, the field of the instrument embraced only a 
fourth part of the apparent surface of the sun. ^~ , 
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The general aspect of the Milky Way. its form, and starry 
eomposition, deduced from telescopic observations, ar^ ex-: 
plained very simply, by sapposing, with Herschel, that milr 
lions of stare, nearly at equal distances from each other, form 
a layer or stratum, comprised between two even surfaces, 
parallel to, and near each other, but prolonged to immense 
distances ; that the stratum is thus very thin, compared with 
the immense distances to which the two even snrfoces which 
contain it extend in every direction ; that our sun, — that the 
star around which the earth revolves, and from which it does 
not far recede, — is one of tlie stars composing this stratum ; 
that wo occupy very nearly the centre of it, both relatively 
to its thickness and to all its other dimensions. These sup. 
positions once admitted, it will be easily understood, that a 
visual ray, turned in the direction of the immense dimensions 
of the stratum, will there encounter everywhere a multitude 
of stars, or, at least, that it will pass so near them that they 
will seem to touch each other ; that, in the direction of its 
thickness, on the contrary, the number of visible stars will be 
comparatively smaller, and precisely in the relation of half 
the thickness to the other dimensions of the stratum ; tliat, in 
the passage of the visual lines coincident with the extended 
dimensions, to the transverse directions, there will be, in this 
respect, a sudden change ; that the greatest dimensions of 
the stratum will thus be found indicated, or, as it were, deli- 
neated on the firmament by an apparent condensation of stars, 
by a maximum of manifest light, and a milky aspect ; finally, 
that the maximum of light will appear to be a great circle of 
the celestial sphere, since the earth may be considered as the 
centre of this sphere, — since the stratum is one of its diame- 
tral planes, — and that every diametral plane of a sphere, every 
plane passing by its centre, necessarily divides it into two 
equal parts, or, what b the same thing, cuts it according to 
one of its great circltis. The secondary arc, detached from 
the principal arc of the .Milky Way, towards Cepheus and Cas- 
siopea, and rejoining it between Scorpio and Sagittarius, dis- 
closes the exbtence of a stratum of stars forming a small 
angle with the principal stratum, and again meeting it near 
the region which the earth occupies, and not extending beyond. 
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In short, if we see a mucli greater number of stars in cer- 
tain directions than in olhera ; if the regions with thickly 
placed stars form one of the great circles of the sphere ; if 
tlie principal arc is double for an extent of 120', — it is because 
we are plunged in a group of excessive extent and compara- 
tively very thin; because we occupy very nearly the centre of it; 
and because a second group of the same form meets the first 
towards the region where our sun, and consequently the earth, 
are situated. 

If we suppose that the stars of the Milky Way, taking them 
altoffetker, are uniformly distributed throughout all the regions 
of this nebula; ifwe admit, moreover, thai the observer gauges 
this curious portion of the heavens with an instrument, whose 
power permits him to reach, in evrry direction, the last limits of 
the starry stratum, the number of jtars contained in the visual 
field of the telescope will be, in eatlfl observation, so intimately 
connected with the length of the line comprised between the 
eye of the astronomer and the terminal limit of the stratum, 
that one of these quantities may always be deduced, by calcu- 
lation, from the other. Herschol having gauged our nebula, 
and having estimated, as I have mentioned above, its riches 
in stars in all directions, was therefore in a couditJon to de- 
duce therefrom the corresponding linear dimensions. The 
table included in his memoir of 1785, gives the distance from 
the earth to the limits of the Milky Way, that from the earth 
to Sirius being regarded as unity. 

vM star, tlie distanco in question is ■ • 68 
10 stars • 127 



When the field 
of (he telescope 
includes 



Without, therefore, going beyond the limits of direct obser- 
vations, the nebula is thus found to be a hundred times morw 
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extensive in one direction than in another. The numbers 
which I have given are those which the scrupulous observer 
has himself made use of to give a section, and even a figure, 
under three dimensions, of the vast nebula, in which our Sun 
figures as an insignificant star, and the Earth as an impercep- 
tible grain of dust. 

WiUthe Milky Way endure for ever in the form in icktch we 
now see it? Does il nol begin to shew symplomg of dislocation 
and dissolution ? — Ilerschel has clearly established, by thou- 
sands upon thousands of observations, that the whiteness of 
the Milky Way proceeds, in the greater fart, from agglomera- 
tions of stars, too small and too feeble to be distinguished 
separately. The diffused matter, mingled in certain propor- 
tions wixli the stars, here plays a part as in many resolvable 
nebulse ; but it is evidently a secondary part. 

Almost in every instance in which stars placed near each 
other are presented to our view without the apparent limits 
of the Milky Way, we have perceived that they tend to group 
themselves around many centres ; that they seem to obey, like 
the various bodies of our solar system, an attractive force ; that 
this force, in £ne, has already produced, in certain rounded 
groups, very considerable effects and concentrations. Why 
should the stars of this great nebula, of which we form a part, 
escape this kind of action more than the others .'' If formerly 
they were uniformly distributed, this state must cease, and ap- 
proach its termination, more and more everyday. Facts con- 
firm the results of reasoning. The stars, far from appearing 
uniformly distributed over the whole extent of the Milky Way, 
have presented to Herschel, anued with his telescopes, 157 
distinct and circumscribed groups, which have taken their 
place in the catalogue of nebulae, without reckoning eighteen 
analogous groups situated on the edge of this same zone. 

Any one who examines with his eye, during a dark and very 
clear night, the portion of the Milky Way comprised between 
Sagittarius and Perseus, may remark in it eighteen regions 
perfectly characterized by the particular brilliancy of their 
light. 

1 shall here mention a few of these ; 
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TbcM nuts — « verj/ briUiant tpot under the amne of Sagittariui. 

bete la — a very briliianl one in the ihield of Sobietki. 
Vfe perceive — a brilliant one to the north and a little to the west of the 

three *taT» ef Aquila, 
We notice one long and feeble nhlch follows the ehoulder qf Ophiu- 

We nmack — thrie brilliant ones near tbe stars a, fi, and y of Cj/gnus. 
We distinguish three towards and within Catsiopea. 

There is — ■ a verj brilliant one in the hilt of Petsetu' Swvd. 

(Between « and y of Caasiopea, there exists a verj* obscure place.) 
No portion of the Milky Way resolvable by the telescope, 
has exhibited to Herschel more manifest indications, and on 
a larger scale, of the clustering power of stars, than the space 
which separates (3 and y of Ch/gnus. By gaugiog this space, 
according to the method already described, for a breadth of 
about 5 degrees, Herschel found that 331 thousands of stars 
might be counted in it. This immense group already pre- 
sents a kind of division ; 165 thousand stars appear to pro- 
ceed to one side, and 165 thousand to the other. 

Everything, therefore, justifies the opinion of this illus- 
trious astronomer. In the series of ages, the clustering power 
will inevitably bring on the fracture, rupture, and dislocation 
ofthe Milky Way. 



Some Bemarks on the Ancient Peruvians. By Sauuel Geohgb 
Morton, M. D.* 

Ih my work on American skulls (Crania Americana), I 
have expressed the opinion that the heads of the ancient Pe- 
ruvians were naturallif very much elongated ; and that they 
differed in this respect from those of the Inca Peruvians, and 
other surrounding nations ; and having given this opinion at a 
itieeting ofthe Academy prior to the publication of my work, 
I take the present occasion to renounce it. 

In the American Journal of Science, for March 1840, 1 hai e . 
already, in a brief note, adverted to this change of opinion ; 
and I now repeat my matured conclusions in connection with 
positive facts, derived from the work of a distinguished tra- 
veller and naturalist, M. Alcide D'Orbigny. 

* Communicated to the Acadcin}' of Natural Sl:ien('C)^ of FliUadelpbia. 
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This gentleman not only Tisited the elevated table-land of 
the Andes, which was once inhabited by the ancient Peruvians, 
but he remained a long time in that interesting region, and 
has coUeeted nninerons lacts in relation to the people them- 
selves. 

1. The descendants of the ancient Peruvians yet inhabit 
the land of their ancestors, and beai- the name of Aymarast 
which was probably their primitive designation. 

2. The modern Ay maras resemble the sarrounding Quichua 
or Peruvian nations in colour, figure, features, expression, shape 
of the head {which they have ceased to mould into artificial 
forms), and in fact in every thing that relates to physical CMi- 
formation and social customs : their languages differ, but even 
here there is a resemblance which proves a common origin. 

3. On examining the tombs of the ancient Aymaras^ in the 
environs of the lake Titica«a, M. lyOrbigny remarked that 
those which contained the compressed and elongated skulls, 
contained also a greater number that were not flattened ; 
whence he infers that the deformity was not natural, or cha- 
racteristic of the nation, but tlie result of mechanical compres- 
sion. 

4. It was also remarked that those skulls which were flat- 
tened were uniformly those of men, while the heads of the 
women always retained the natural shape,— the squared or 
spheroidal form which is cbiuacteristic of the American race, 
and especially of the Peruvians. 

5. The most elongated heads were found in the largest and 
finest tombs ; shewing that the deformity was a mark of dis- 
tinction among these people. 

6. The researches of M. D'Orbigny confirm the statements 
made at distant intervals of time by Pedro de Cieza, Garcilaso 
de la Vega, and Mr Fentland, and prove conclusively, what I 
have never doubted, that these people were the architects of 
theu^ own tomba and temples ; and not, as some suppose, in- 
truders who had usurped the civilization, and appropriated the 
ingenuity of an antecedent and more intellectual race. 

M. D'Orb%ny fonnd temples Irom 100 to 200 metres in 
length, facing the east, and ornamented with rows of angular 
columns ; enormous gateways made of a single mass of rock. 
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and covered witti bas reliefs ; colossal statues of basalt ; and 
large sqnare tombs, wholly above ground, and in sudh num- 
bers that they are compared to towns and villages. 

My published observations go to shew that tb« internal ca- 
pacity of the cranium, as indicative of the size of tlie brain, is 
nearly the same in the ancient and modern Peruvians, viz., 
about seventy-six cubic inches — a smallncss of size which is 
without ft parallel among existing nations, exceptmg only the 
Hindoos. 

- M. lyOrbigny even supposes the ancient Peruvians to have 
been the lineal pn^nitors of the Inca family; a question 
which is not yet decided. Supposing this to he the fact, we 
may inquire how it happens th^t the Incas should have so en- 
tirely abandoned the practice of distorting the cranium ; espe- 
ci^ly as this, among the Aymaras, was an aristocratic privi- 
I^e! 

I was at first at a loss to imagine how this singular elonga- 
tion of the head was effected ; for when pressure is applied 
to a spheroidal head, as in the instance of the Chenouks and 
other tribes of the Columbia river, the skull expands laterally 
in proportion as it is depressed above; whereas, in these 
people, the head is narrow from the face to the occiput. It 
seems probable that this conformation was produced by 
placing splints or compresses on each side of the head from 
the cheek bones to the parietal protuberances, and another on 
the forehead, and confining them by rotary bandages. In this 
^vay the face, in the process of growth, would be protruded 
in front, and the bead elongated backwards ; while tho skull 
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ia all other directions, could expand comparatiTely littiei 
These temarka will be more readily understood by referenea 
to the annexed outlines, which are taken from a cast of i>ne of 
tbe 8ku!U obtuned by Mr Pentland. 

Dr Qoddatd has suggested to me that the deformity observ* 
able in this series of crania) might have been produced by the 
action of rotary bandages alone without the use of splints or 
(jompresses. I admit the possibility of this result in some of the 
beads, but think that in others there is satisfactory evidence 
of the use of the splint or compress, especially on Ae os frontis. 

I have in my possession six casts of heada and three skulk 
of these people, all of which present the peculiarly elongated 
form in question. 



Professor Forbes' Account of Am recent Observationt on Ola- 
ciert. Communicated in the following Letters to the Editor, 
Professor Jake son. 

CouaMATSOR, PiiiDUONT, 4fA July 1842. 
My Dear Sir, — Knowing that you will be glad to hear of 
my safe arrival amongst the Alps, and of my farther proceed- 
ings, I hasten to give you an account, in a few words, of what 
I have as yet done. Finding the season more than usually 
advanced, I hastened to reach Charaouni, in order to ascertain 
whether the Mer de Glace was as yet accessible in all its ex- 
tent ; and I arrived at the Montanvcrt on the 24th June, and 
remained there for a week. I was fortunate enough to con- 
vey all my instruments to their destination, without, I believe, 
injury to any one of them. The Mer de Glace, so continually 
visited by the curious, but so little studied, seemed to me to 
offer great advantages for the prosecution of the objects which 
I proposed to myself. At first sight it appeared to me steeper 
and more crevassed than I recollected it to be, and I doubted 
for a moment whether it was adapted for my experiments ; 
but that doubt vanished upon closer examination ; and in the 
course of the single week which I have been able to spend 
there, being favoured by most excellent weather, I have ob- 
tained results so far definite and satbfactory, that, imperfect 
as they necessarily are, and only the commencement of what 
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I-«cpect to acoomplidi during the remainder of the BeaaoDi I 
will state tiiem shortlj. 

Yeu will recollect that, in my lectures on glaciers delivered 
last December and January, and afterwards in an article 
written by roe in the Edinhorgb Review, I insisted on tlie 
importance of considering the mechanism of glaciers as a ques- 
tion of pore physics, and of obtaining precise and quantitative 
measures as the only basis of accurate induction. I pointed 
out, also, the several experiments of a critical kind which 
might be made ; such, for instance, as the determination of the 
motion of the ice at different points of its length, in order to 
distinguish between the theories of De Saussure and De Char- 
pentier ; for, if the glacier merely slides, the velocity of all its 
points ought (in the simplest case) to be the same j if the gla- 
cier swells in all its mass, the velocity of the inferior part 
ought to be greatest. Of course, I do not now advert to the 
many causes which might accidentally invert this law, and 
which would require to be fully taken into account ; still less 
do I mean to aay that any thing I have now to state can be 
considered aa critically decisive between rival theories ; but 
ray eXi>eriment8 certainly do shew that the kind of.precision 
which I desired to see introduced into reasonings about this 
subject, is practically attainable, even in a far higher degree 
than I expected. 

For example : — The motion of glaciers by the measurement 
of the distance of blocks upon its surface from a fixed point, 
from one year to another, has marked indubitably the annual 
progress of the ice. I do not know that any one has at- 
tempted to perform the measurement in a manner which could 
lead to any certain conclusion respecting the motion of the 
ice at one season compared with another, or from month to 
month ; still less has any one been able to state, mith precition, 
whether the glacier moves by starts and irregularly (as we 
should certainly expect on the sliding theory), or uniformly 
and evenly ; and if so, whether it moves only at one part of 
the twenty-four hours, and stands still during the remainder 
(as we should expect on the dilatation theory, as commonly 
expounded). Now, I have already been able^ 

!«/, To shew and measure the glacier motion not only from 
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day to day, but from- honr to hour; so fb&t I can teU nearly 
what oVlock it is by the glacier iDdes. That yon may have 
an idea of the coincidence vrhicfa these experiments present. 
I give you the longitudinal motion of a point on the Mer de 
Glace daring foor consecutive days. 

15.3 inches. 16.3 inches. 17.5 inches. 17-4 indies. 

2d, This motion, evidently incompatible with sudden starts, 
takes place in the glacier as a tehole, undisturbed by the most 
enormous dislocations of its surface, for these measures were 
taken where the glacier was exces«vely crevassed. 

3-/, Thb motion goes (hi day and night, and if not with ab* 
solute uniformity, at least without any considerable animialy. 
On the 38th-29th Jnne the motion 

from 6 P. K. to 6 a. u. was 8.0 inches, 
... 6 A.M.to6p.u. ... 9.5 ... 
29th-30th, ... 6p. M. to6A.u. ... 8.5 ... 
... 6 A.U. to6r.N. ... 8.9 ... 

seeming to shew a greater motion during the day. 

4/A, In the particular cafe of the Mer de Glace, the higher 
part (the Glacier de Lechaud) moves Corner than the lower 
part near the Montanvert in the proportion of 3 t« 5. 

5/A, The central part of the glacier moves faster than the 
edges in a very considerable proportion ; quite contrary to the 
opinion generally entertained. 

There cannot be a doubt of the accuracy of these results 
teitkin the limiti in which the experiment has been made. 
They prove how completely problems of a purely phy^cal 
character admit of accurate investigation ; and when a larger 
induction shall have freed the results from local errors, it b 
evident that we shall have the solid foundations of a theory. 
My wish to see the total eclipse of the sun on the 8th, has 
brought me to the south side of the Alps sooner than I could 
have wished ; but I have now fixed so many points on the 
Mer de Glace, that, on my return thither, I shall be able to 
obtain more comprehensive results. But what is most im- 
portant in the whole matter is this, — ^that an observer fur- 
nished Avith the proper instruments and methods may, by 
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■pending n few days on a glacier, determine at any particular 
Beason the amount of its motion at all the essential points, 
within the limits which any glacier theory can require. 

Chamouni, 10(A Augtm 1843. 

My Dear Sir,— Since 1 last wrote to you on the 4th July 
from Courmayeur, I have examined, in detail, the two princi- 
pal glaciers of the Allee Blanche ; and having re-crossed the 
Alps from Coannayeur by the Col du Geant, where I had the 
satisfaction of still finding the remains of Sanssure's Cabane of 
1788, I have pursued for a fortnight my experiments on the 
motion of the Mer de Glace. Being composed, as you know, 
of several tributaries which are in some degree independent, 
and presenting also a considerable variety of surface, this 
glacier seems as proper as any for detailed experiments, such 
as those which I am attempting. Being about to quit this 
place on a tour to Monte-Rosa and the glaciers east of the 
Great St Bernard, I wish to explain to you now in what re- 
spect my observations differ from those formerly undertaken 
ou the glaciers, and to mention a few results, which, of course, 
being as yet only partial, ought not to bo considered as alto- 
gether decisive of the truth or fabehood of any theory ; still 
I believe it will be admitted that the facts established in my 
last (and which farther experience has confirmed), militate 
strongly against some of the received opinions as to the cause 
of glacier motion. 

You are aware, that, in my lectures on glaciers in December 
and January lost, and in an article in the Edinburgh Review 
for April, I insisted, and so far as I know it was for the first 
time, on the importance of considering the glacier theory as a 
branch of mechanical physics, by which I mean that the cause 
of movement should he ascertained inductively from the ob- 
served motion, carefully and numericalfi/ ascertained at differ- 
ent points. It is because authors have considered the prohlcnt 
as too simple a one to require a systematic analysis, that we 
find little or nothing done in this respect ; and it may be affirm- 
ed, without any disrespect to the ingenious persons who have 
assigned probable causes for the movement of these masses of 
tee, that tlteir solutions have been, like the astronomical theories 
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of the earlier cosmogoDistii, baaed uptm Bomewliat vague ttan- 
-logics witb better understood phenomena, as wben the analogy 
of magnetic attmctionB seemed to offer a parallel in the me- 
chanism of the heavens in the theory of Gilbert, and that of 
floid currents gave rise to the Cartesian vortices. The New- 
ttmian theory was based upon its coincidence with the empiri- 
cal laws of planetary motion. Weha.vaasyetB««^p«allnni 
of glacier motion, oMaaquently no proper mechanical theory 
can as yet be adequately tested. 1 endeavoured to pcunt out 
in my lectures how a mechanical theory might be deduced 
from observation, and bow these observations might be prac- 
tically made. I believe that I have also obtained for the first 
time, the numbers cm whose importance I insisted. I am not 
aware that any one had hitherto proposed to determine the 
diurnal velocity of a given point of a glacier with reference to 
three co-ordinates. The analogy with the empirical laws of 
astronomy is both striking and just ; an exact acquaintanee 
with the path described by any molecule, of a gfaeier, will 
almost as certainly lead to a knowledge of the cause of its 
motion, as the theory of gravitation sprung from the three laws 
of Kepler. We have to deal, indeed, with an effect more com- 
plex and varied ; but the results contained in my last letter, 
already shew how muth of numerical precision may be attained. 
I have already determined the diomal motion of 10 points of 
the Mer de Glace with a probable error, not exceeding, I think, 
a quarter of an inch in any case ; and when these observatioaa 
shall have been pursued, as I expect to do, until the end of 
September, there will be a tolerable basiB for sound specnla- 
tioD. 

In particular, you will recollect that I pointed out last wintw 
two experiments for distinguishing between the prevailing 
theories of De Saussure and De Charpentier, those of gravita- 
tion and of dilatation. One was the exact measurement of « 
space along the ice to be measured after a certain time, i» 
order to ascertain whether any expansion bad occurred. The 
other was the deterratnati<m of the linear velocity of the glacier 
at any point, which, on the theory of Saussure, ought (if the 
glacner be of nearly uniform section) tobeunifiMin throughottt; 
on the a^oty of Charpentier it. ought to increase fkmi 
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nothiag at tte upper extremUj of the glacier, to a maximum 
at it« lower end. The former experiment hoS, I have since 
Ieam«d, bera sa^eited by Professor Studer to M. Escher last 
year, and attempted to be put in practice (though imsaccess- 
fiilly) by the latter, on the glacier of AletBcb. Admitting 
Cliarpentier's theory, however, this dilatation would be too 
email to be Bnccessfully observed in a moderate time, and with 
the geometrical methods which the uneven and varying surface 
of the glacier enables us to employ ; I have therefore not at- 
tempted it. The other method, in fact, embraces both ends ; 
for ii the movement of the glacier in its upper and lower part 
be determined (by upper I mean near its origin), the differ- 
«nce of the motions determines the dilatation or contraction 
of the intermediate part of the ice, and is liable to none of 
the great errors arising from the measurement of long distances. 
The observation, in the simplest and best form which I em- 
ploy, resemblea perfectly that of determiniog with the transit 
iDstntment the progress of a planet. 

' I have already said that my later observattons confirm those 
which I previously communicated ; any variations, indeed, 
arbe solely from a change of circumstances or season, and not 
from errors of observation. (1.) The continuous impercep- 
tible motion of the glacicar is entirely confirmed ; its bearing 
upon the sliding theory is very obvious. (2.) This motion is 
not by any means the same, however, from day to day and 
from week to week, as indeed already appeared firom my first 
results. (B.) This variation of motion appears to be common 
to every part of the glacier, as well where compact and cMti- 
pletely even, aa where most fissured ; nor perhaps is the va- 
riation of velocity greater in one case than in the other. 
(4.) Prom nomerons' observations, made in all parts of the gla- 
eier, it invariably results as before, that the centre moves 
foster than the sides of the ice-stream. In the lower and 
fester moving part of the glacier this disproportion is great- 
est, varying from one-third to one-half of the smaller velo- 
city. Near the origin of the glacier it appears to he one- 
fourth or one-fifth of the smaller velocity. (5.) The variations 
of glacier motion affect the central parts most sensibly. 
(6.) The greatest daily motion whidi I have observed, nearly 
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opposite the Montanvert, amounts to 27.1 inches. (7.) I have 
ascertained the velocity of motion much nearer the <Higin ot 
the glacier than when I last wrote. This, which would appear 
to be nearly, if not gaite an experimentum crude between the 
sliding and dilatation theories, does not yield a result so favour- 
able to the latter as I had at first supposed ; for though it is 
undoubtedly true, as stated in my last, that the head of the 
glacier moves slower than the foot, the middle part moves 
rather slower than either, owing probably to the greater width 
and thickening of the ice there. This source of error from 
the varying section of the glacier I had fully anticipated ; but 
still, when we push the experiment to a limit, and take the 
velocity very near ttie origin, the velocity ought to diminish, 
on the theory of Charpentier, with a rapidity not to be mis- 
taken. Yet very near the head of the Glacier de Lechaud, 
the diurnal velocity is considerably more than a foot per day. 
I am far, however, from thinking that I am yet in a position 
to judge finally of the merits of any theory ; my belief is, 
that both of those cited will as y^t require great modification. 
By insisting upon the treatment of the problem as one of 
pure mechanics, I am far from denying that the kind of in- 
vestigations to which the glacier theorists have hitherto al- 
most exclusively referred, are also of great value, such as 
those on the temperature and structure of the ice. The latter, 
in particular, is a sort of standing evidence of its mechanism, 
and, rightly understood, must lead to the most important con- 
firmation of any mechanical theory. This you may believe 
I have made an object of very particular attention. I have 
now examined so many glaciers as to have a very clear idea 
of the empirical laws which that structure follows. Lately, I 
begin to perceive a connection between that structure and the 
facts of motion already cited. • If these two classes of facts 
can be well brought into harmony with one another^ we ^ould 
have a very good chance of consolidating them into something 
like a theory. In my next letter, I will give you some ac- 
count, at all events, of my observations on the subject, which 
are suf&ciently definite, and probably also (without consider- 
ing it as proved), of what seems likely enough to be its true 
explanation. I go to-morrow to the Great St Bernard, to 
meet M. Studer, — Believe me, very sincerely yours, 

JiVES FOKBIB. I*-' 
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' ' ZekuATT, North Bide of Monte Uosa, 

33<j Aiigiut lOti. 

Mr DaA« Sir, — I arrived here two days Bigo by a Tery in- 
teresting and unft-equented route. I meutioned in my last, 
that M. Stnder and I had agreed to vbit together the valleys 
eastward of the Great St Bernard. The Convent was our 
place of rendezvous, and we afterwards descended to Orsi^res, 
and tamed into the Valley of Bagaes, Crossing the Alpine 
chain at the head of the valley, by the Col de Fenetres, we 
went down to Valpelline on the Italian side, and ascended 
thatvalley qnite to its origin. We then crossed to the west- 
ern branch of the valley of Erin, by the Col de CoIIon or AroUa, 
a very striking glacier pass. Thence M. Studer went to the 
Val d'Aaniviers, and rejoins me here by the way of Visp, 
whilst I ascended tlie other branch of the Eringer Thai from 
Evolena by way of the Ferpecle glacier, and crossed over the 
moanttuns to this place, by a paiss higher and much longer than 
the Col du Geant, which presents, certainly, the grandest views 
I hitve hitherto met with in the Alps. I must not, however, 
stop to describe, as my present object is to fulfil the promise 
in my last respecting the structure of glacier ice. 

The internal veined or ribboned structure presented by all 
glaciers in a greater or less degree, appears to be the only true 
essential structure which they possess, and which, yon will re- 
collect, I described in a paper printed in yourJoumal for Janu- 
ary last. The existence of granules divided by capillary fis- 
sures, as well as of lai^e crevasses, are equally unessential to 
glacier structure, and subordinate to the other. Whatever 
other result may flow from the examination of glaciers this 
summer, by the many persons who are probably at this mo- 
ment directing their attention to them, this, I am sure, will 
be admitted, that the veined stnlcture is not peculiar to some 
glaciers, as some would mfuntain, nor to some years, as has 
been alleged by others ; but that it is perfectly general and 
systematic, having one general type or form, which is varied 
according to external mechanical circumstances. Being then 
the most essential and intimate part of the glacier formation, 
as well as one of its most obvious and universal features (espe- 
cially on those glaciers which are most commonly visited), it 
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is equ&lly singular that it should net have been sooner noticed, 
or if noticed, never once alluded to by the emiaeDt and inge- 
nious authors who have treated of existing gladers and their 
effects. 

With respect to the general type or form of this structurs,- 
I am happy to say, that I have found not the slightest reason 
to modify the description which I have given in the paper 
above alluded to of the conformation of the glacier of the 
Rhone. The description is (Characteristic, not of that glacier 
only, but of every other, with certain modifications similar to 
the variation of the parameter of a curve; variations, therefore, 
not in kind but in degree. The most beautiful structure I. 
have ever met with is in the glacier of La Brenva in the 
AlMe Blanche, which was one of the earliest I examined this 
season, and in which I found all that I had seen, though im- • 
perfectly, on the glacier of the "Rhone (which it resembles in 
the circumstances of being derived from an icy cascade, and 
in having a considerable breadth in proportion to its length), 
developed in a manner so clear and so geometrically precise, 
as gave me the most lively satisfaction. I refer to my former 
paper for the figure and description of that structure ; I have, 
found the same conoidal surfaces, and the same ^se appear- 
ance of horizontal stratification on the terminal face of the 
glacier, arising from the veins dipping inwards at first at an. 
angle of only 5% rising to 10°, 20°, up to 60' and 70°, if we fol- 
low the medial line of the glacier, or axis parallel to its length,. 
The sides of the glacier, in like manner, have their cleavage 
planes or veins dipping inwards towards the centre at an angle 
determined by the declivity of the rock or moraine which sup- 
ports them, gradually becoming more vertical as the centre of 
the glacier is approached, where they twist round by degrees, 
so as to become transverse to its length, and to form part of 
the system of planes dipping inwards first described. Fig. 1 
exhibits a section parallel to the length. Fig 2, a transvers* 
section. 

Fig. 1. Fig- I. 
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Yon are already aware that this structure consists in the 
alternation of more or less perfectly crystallized ice in paral- 
lel layers, often thinning out altogether like veing in marble, 
not unfrequeutly parallel and uniform like a ribboned calce- 
dony or jasper. 

I will, for brevity, merely state the modifications which this 
fundamental type undergoes, bringing together glaciers of alt 
classes.bnt reserving the detail ofexamples and proofs, of which 
my experience has already furnished me with a great number, 
to another occasion. If a glacier lies long and narrow, as the 
Lower Aar, or the Mer de Glace of Cbamouni, the frontal dip 
is the least conspicuous part of the phenomenon ; and if it 
terminate in an icy cascade, as in the second case, it might 
escape observation altogether. The vertical planes parallel 
to the length, or nearly so, usurp nearly all the breadth of the 
glacier, and only in the centre is a narrow space, where not 
unfrequently the structure appears quite undefined. I have 
satisfactorily made out, however, in every glacier which I 
have had the means of examining with that view, that the 
conoidal structure, however obscured, exists in all parts of the 
true glacier, modified, according to its length and breadth, in 
the manner which figs. 3 and 4 indicate. I need not add, that 

Fig. a Fig. 4. 






these rude sketches are not intended to be considered as rigor- 
ously exact, but only to explain generally my meaning. 

There is yet another modification, but only a modification, - 
of the above, namely, in the case of extremely steep glaciers, 
but which are coherent, and not crevassed into pyramids. 
There are numberless examples of these in all the higher vat- 
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lies of the Alps, which do not descend into the hollows, but 
festoon the steep sides of snowy mountains. They are, I be- 
lieve, what Saussnre called glaciers of the second order, and 
have no relation to nicis, so far as I can attach a meaning to 
that term. They are of hard ice, and almost invariably pre- 
sent an appearance of stratification parallel to the soil on 
which they rest. This stratification is only apparent ; the 
cleavage planes dip forwards and outwards, instead of dipping 
inwards, as in the terminal portion of glaciers of less inclina- 
tion. The surfaces of crystallization have, in this case, abso- 
lutely the form of a scallop-shell, the lip or front being always 
inclined below the horizon. I attach importance to the com- 
munity of feature in glaciers of every form and inclination, be- 
cause it indicates that the origin of the structure cannot be 
unimportant, considering its generality ; and in this particular 
case of small steep glaciers, it appears, I think, that M. de 
Charpentier, who has justly denied the stratification of gla- 
ciers in general, has wrongly admitted the existence of strata 
iu the case in question, which he regards as formed by the in- 
tercalation of mud from the soil in some manner, which, if I 
recollect rightly, he does not very clearly describe. Now, 
these seeming strata of mud 1 have examined in a multitude of 
cases, and found invariably to result merely from the percola- 
tion of dirt from the moraine, sometimes even accompanied by 
small fragments of rock, into the more spongy and less crys- 
talline veins of the glacier mass which already existed : and 
the proof b, that, by cuttuig with a hatchet, we gradually 
gain the pure ice, equally veined with the exterior, but not 
discoloured. I may observe, in passing, that the fissures 
which, in the lower part and near the sides of glaciers, form 
the granules, about which so much has been written, are stop- 
ped by the independent formation of the veins in the ice, which 
thus demonstrate theh- prior origin.! 

One afternoon I happened to ascend higher than usual 
above the level of the Mer Je Glace, and was struck by the 
appearance of discoloured bands traversing its surface nearly 
in the form indicated in fig. 4. These shades, too indistinct to I e 
n.oUced when near or upon the surface, except upon very/care- 
ful inspection, are very striking and beautiful when seen at a. 
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distance by a light not too strong, as in the afternoon or %j 
moonlight. They are evidently bands of dirt on the surface 
of the ice, having nearly the form of very elongated parabolas 
merging in the moraines on either side, widest apart from one 
another in the centre, and confounded towards the edge. For 
some time I was at a loss to conceive how these sort of false 
moraines could spread from side to side of the glacier, but I 
at length assured myself that it was entirely owing to the 
structure of the ice, which retains the dirt diffused by ava- 
lanches and the weather on those parts which are most porous, 
whilst the compacter ptK'tion is washed clean by the rain, so 
that these bands are nothing more than visible traces of the 
direction of the internal icy structure, and of course corre- 
spond with what has been already stated as to the forms in 
which the conoidal surfaces intersect the plane of the glacier. 
I counted distinctly sixteen of these bands on the surface of 
the ice then in view. I afterwards traced them to the higher 
part of the ice-tield ; and the only distinction which I there 
observed was, that the loops of the curves were less acute, or 
more nearly circular, tig. 6. All glaciers do 
not shew this external evidence of theur stnic- Fig. 5. 

ture ec^ualty, as there are some glaciers which 
possess the structure itself more developed than 
others. The cause of the dazzling whiteness 
of the Glacier des Bossons at Chamotmi is 
the comparative absence of these layers of gra- 
nular and compact ice ; the whole is nearly of 
uniform consistence, the particles of rock scarce- 
ly find a lodgment, the whole is washed clean 
by every shower. The superficial bands are 
well seen on the Mer de Glace of Chamouni, 
and, to quote another example, one. of the last I have seen 
very admirably on the Glacier of Ferpecle in the Valley of 
Erin, where I counted above thirty in view at once. 

I am quite persuaded that these bands, and of course the 
structure which they represent, have their origin in the move- 
ment of the glacier ; and if the laws of movement, ascer- 
tained independently, shall coincide with, cr confirm, tltephc 
a of litructure, we shall be better able, from the compa- 
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rison of the two classes of facts, to decide upon the caiae of 
hiovement. 

' What 1 have hitherto stated is matter of fad. I will state 
Very briefly what I am disposed to dedace by way of hypo- 
thesis. 

It is impossible to consider these structural bauds on the 
surface of the glacier, in combination with the fact established 
in my former letters, that the centre of the glacier moves con- 
siderably faster than its edges, without believing that the 
bands are an indication of the motion, and that the motion 
gives vise to the veined structure. These dirt-bands perfectly 
resemble those of froth and scum which every one has seen 
upon the surface of slowly-movingfoul water; andtbeirfigure 
at once gives the idea of JIuid motion, freest io the middle, 
obstructed by friction towards the sides and bottom. It will 
be found that the analogies are entirely favourable : the gla- 
cier stru^les between a condition of fluidity and rigidity. It 
cannot obey the law of semifluid progression (maximum velo- 
city at the centre, which is no hypothesis in the case of gla- 
ciers, but a fact), without a solution of continuity perpendicu- 
lar to its sides. If two persons hold a sheet of paper, so as to 
be tense, by the four corners, and one moves two adjacent cor- 
ners, whilst the other two remain at rest, or move less fast, 
the tendency will he to tear the paper into shreds parallel to 
the motion ; in the glacier, the fissures thus formed are filled 
with percolated water which is then trozen. It accords witb 
tliis view, 1. That the glacier moves fastest in the centre, 
and that the loop of the curves described coincides (by ob- 
servation) with the line of swiftest motion. 2. That the 
hands arc least distinct near the centre, for there the dif- 
ference of velocity of two adjacent stripes parallel to the 
length of the glacier is nearly nothing ; hut near the sides. 
Where the retardation is greatest, it is a maximum. 3. It 
accords with direct observation (see my last Letter), that the 
dijjvrenee of velocity of the centre and sides is greatest near 
tiic lower extremity of the glacier, and that the velocity is more 
nearly uniform in the higher part ; this corresponds to the 
less elongated form of the loops in the upper part of flg. b. 
4, la the highest part of such glaciers, as the curves become 
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•88 bent, the Htructure also vanisheB. 5. In the wtde saucer- 
shaped glaciers already spoken of, which descend from moun- 
tain-slopes, the velocity being, as in shallow rivers, nearly uni- 
form across their breadth, no vertical structure is developed. 
On the other hand, the friction of the base determines an 
{^parent stratification, parallel to the slope down which they 
fall 6. It also follows immediately (assuming it as a fact 
very probable but still to be proved, that the deepest part 
of the glacier moves slower than the surface), that thu /roit- 
tal dip of the structural planes of all glaciers dimioiahes to- 
wards their inferior extremity, where it approaches 0, or 
even inclines outwards, since there the whole pressure of 
the semifluid mass is unsustained by any barrier, and the ve- 
locity varies (probably in a rapid progression) with the dis- 
tance from the soil ; whilst, nearer the origin of the glacier, 
the frontal dip is great, because the mass of the glacier forms 
a virtual barrier in advance ; and the structm'e is compara- 
tively indistinct for the same reason that the transverse struc- 
ture is indistinct, viz. that the neighbouring horizontal prisms 
of ice move with nearly a common velocity. 7. Where two 
glaciers unite, it is a fact that the structure immediately be- 
comes more developed. This arises from the increased velo- 
city, as well as friction of each, due to lateral (impression. 
8. The veined structure invariably tends to disappear when a 
glacier becomes so crevassed as to lose horizontal cohesion, as 
when it is divided into pyramidal masses. Now, this imme- 
diately follows from our theory ; for so soon as lateral cohesion 
is destroyed, any determinate inequality of motion ceases, each 
mass movcH singly, and the structure disappears very gradu- 
ally. 

I might add more illustrations ; but let these suffice for the 
present. It is not difficult to foresee, that, if my view should 
prove correct, a theory of glaciers may he formed, which, with- 
out coinciding either with that of Saussure or Charpentier, 
shall yet have some thing in common with both. Whether 
that of M. Rendu may not avail something, I am unable to 
say, not yet having been able to procure his work. 
. It yet reiqains to decide, what is the cause of the succession 
of dirt-bands at considerable distances on the sutface of the 
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glfuner, indicatitig the suceession of waves of more or loss com- 
pact ice. In all the glaciers where I have yet diatinctly ob- 
served them, they appear to follow a regulated order of dis- 
tances, nearly the same for a considerable space, but closer the 
farther we ascend the glacier. I cannot help thinking that 
they are the Irue annular rings of the glacier, which mark its 
age, like those of a tree, only increasing instead of diminishing 
in breadth as the ice grows older, coinciding again with the 
fact which I formerly established, that the higher part of a 
glacier moves, generally speaking, more slowly than its lower 
extremity. The diiferent states of the glacier at different 
seasons, the presence or absence of snow, or even the simplfl 
difference of velocity at different seasons, would be sufficient 
to account for this alternation of structure. There is no cause 
so likely to produce it as some annual change. I may add, 
that some observations which I have already made on the dis- 
tauccs of these bands, as well as information which. I hare en- 
deavoured to collect, lead me at least to have some doubt as 
to the correctness of the opinion generally entertained that 
the glaciers are stationary in winter, perhaps even, that there 
is any very great inequality in their march at different times 
of the year. I am, my dear Sir, yours very truly, 

Jaues D. Forbbs. 
rrofeaaor Jamesi». 



Notes on the Effects produced by the Ancient Glaciers of Caer- 
narvonshire, and on the Mulders transported by Floating 
Ice.* By Charles Darwin, Esq., M.A., F.R.S. and F.G.S. 

Guided and taught by the abstract of Dr Buckland's memoir 
" On Diluvio-Glacial Phenomena in Snowdonia and the ad- 
jacent parts of North Wale3,"+ I visited several of the loca- 
lities there noticed ; and having familiarized myself with some 



• From the Philosophical Uagazino, vol. xxi. No. 137. 
t Bead before the Geolt^cal Sociot)-, 16th December Uil ; and tt 
tUact ii publishe I in the Atbenteum, 18«3, p. 43. 
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of the f^ipeannces described, I have been enabled to miik« & 
few additional observations. 

Dr Bucklaud has stated, that, a mile east of Lake Ogwyn, 
there occurs a series of mounds, covered with hundreds of large 
blocks of stone, which approach nearer to the condition of an 
undisturbed moraine than any other mounds of detritus noticed 
by htm in North Wales. By ascending these mounds, it is, 
indeed, easy to imagine that they formed the north-westem 
lateral moraine of a glacier, descending in a north-east tine 
from the Great Glyder mountain. But at the squtbern end of 
Lake Idwell, the phenomena of moraines are presented, though 
on a much smaller scale, with perfect distinctness. On entering 
the wild amphitheatre in which Lake Idwell lies, some small, 
conical, irregular little mounds, which might easily escape at- 
tention, may be seen at the further end. The best preserved 
mounds lie on the west side of the great, black, perpendicular 
iace of rock forming the southern boundary of the lake. They 
have been intersected in many places by streams, and they are 
seen to consist of earth and detritus, with great blocks of rock 
on their sommits. They at first appear quite irregularly 
grouped ; but to a person ascending any one of those furthest 
from the precipice, they are at ouce seen to iail into three 
(with traces of a fourth), narrow, straight, linear ridges. The 
ridge nearest the precipice runs some way up the mountain ; 
but the outer one is longer and more perfect, and forms a 
trough with the mountain-side, from 10 to 15 feet deep. On 
the eastern and opposite side of the head of the lake, corre- 
sponding but less developed mounds of detritus may be seen 
running a little way up the mountain. It is, I think, impos- 
sible for any one who has read the description of the moraines 
bordering the existing glaciers in the Alps, to stand on these 
mounds, and for an instant to doubt that they are ancient mo- 
raines ; nor is it possible to conceive any othtr cause which 
could have abruptly thrown up these long, narrow, steep 
mounds of unstratified detritus against the mountain-sides. 
The three or four linear ridges evidently mark the principrl 
stages in the retreat of the glacier ; the outer one is the longest, 
and diverges most from the great wall of rock at the south end 
of the lake. The inner lines distinctly define the boundary of 
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the glacier during the last stage of its existence. At this pe- 
riod, a small and distinct glacier descended from a narrow but 
lofty gorge on the north-west«rn end of the lake ; and hcrei 
remnants of a terminal moraine may be tfaced in the little 
mounds, forming a broken semicircle round a ruahy plain, 
scarcely more than a hundred yards in diameter. The rocks are 
smooth, mammillated, and scored, all round the lake, and at 
some little depth beneath the surface of the water, as I could 
both see and feel. Similar marks occur at great heights on 
all sides, far above the limits of the moraines just described, and 
were produced at the time when the ice poured in a vast 
stream over the rocky barrier bounding the northern end of 
tlie amphitheatre of Lake Idwell. I may here mention, that 
about eighty yards west of the spot where the river escapes 
from the lake, through a low mound of detritus, probably once 
a terminal moraine, there is an example of a boulder broken, 
as described by Charpentier and Agassiz, into pieces, from 
falling through a crevice in the ice. The boulder now consists 
of four great tabular masses, two of which rest on their edges, 
and two have partly fallen over against a neighbouring 
boulder. From the distance, though small in itself, at which 
the four pieces are separated from each other, they must have 
been pitched into their present position with great force ; and 
as the two upright thin tabular pieces are placed transversely to 
the gentle slope on which they stand, it is scarcely possible to 
conceive that they could have been rolled down from the 
mountain behind them ; one is led, therefore, to conclude 
that they were dropped nearly vertically from a height into 
their present places. 

The rocky and steep barrier over which the ice from the 
amphitheatre of Lake Idwell flowed into the valley of Nant 
Francon, presents from its summit to its very foot (between 
400 and 500 feet), the most striking examples of boss or dome - 
formed rucks ; so much so, that they might have served as 
models for some of the plates in Agassiz' work on Glaciers. 
When two of the bosses stand near and are separated only by 
a little gorge, their steep rounded sides are generally distinct- 
ly scored with lines, slightly dipping towards the great valley 
in front. The summit of the bosses is comparatively seldom 
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scored ; but on one close to the bridge over the nver Ogwya, 
I remarked some mngidar zigzag scores. At this spot the 
cleavage of the slate is highly inolined, and owing apparently 
to the different degrees of hardness of the laminse, smooth 
and gentle furrows have been produced by the grinding of 
the ice, transversely to the scores, and to the probable course 
of the glacier. Here, as well as in some few other places, I 
noticed an appearance which made it vividly clear that these 
bosses had been formed by some process quite different from 
ordinary or aqueous erosion ; it is the abrupt projection from 
the smooth surface of a boss of a piece of rock a few yards 
Square, and one or two feet in height, with its surface 
smoothed and scored like the boss on which it stands, but 
with its sides jag^d ; if a statuary were to cut a small figure 
out of a larger one, the abrupt projecting portions, before he 
quite completed his work, might be compared to these masses 
of rock ; how it comes that the glacier, in grinding down a 
boss to a smaller size, should ever leave a small portion appa- 
rently untouched, I do not understand. 

On the snmmit of some of the bosses on this barrier there 
are perched boulders ; but this phenomenon is seen far more 
strikingly close to Capel Curig, where almost every dome of 
foek south of the Inn is surmounted by one or more large an- 
gular masses of foreign rock. The contrast between the rude 
form of these blocks, and the smooth mammillated domes on 
which they rest, struck me as one of the most remarkable 
effects produced by the passage of the glaciers. On the sides 
of the mountains above Capel Curig, I observed some boulders 
left sticking on very narrow shelves of rocks, and other boul- 
ders of vast size scattered in groups. The largest boulder I 
noticed there was about twenty-six feet in length, by twelve 
in breadth, and buried to an unknown thickness. 

- Proceeding down the great straight valley of Nant-Fran- 
con, which must formerly have conveyed the united glaciers 
from Lakes Idwell and Ogwyn, we continue to meet with 
boss-formed rocks till below the village of Bethesda. 

■ From this point towards Bangor, these boss-formed rocks 
become rare : at least it is certain that a lat^ number of 
hummocks of rock with rugged surfaces project, whereas 
higher up in this valley, and in all the great centr^ "valleys,^ 
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of Snowdonim sach ungroimd hammockB are not to be met 
with. At BethesdO) unstratified masses of whitish earth, 
from ten to forty feet la thickness, full of boulders mostly 
rounded, but some sugular, from one to foar feet square, are 
lirst met with. This deposit is interesting from the boolders 
being deeply scored, like the rocks in situ over which a gla- 
cier has passed. The scores are sometimes irregular and 
crooked, but generally quite parallel, as I distinctly saw over 
the entire side of one large block. Some of the blocks were 
scored only on one side, others on two sides, but from the 
difficulty of turning over the larger ones, I do not know which 
ease is most common. I saw one lai^e block on which the 
scores on the opposite sides were all parallel ; and another 
irregularly conical, four feet in length, of which three-fourths 
of the circumference was marked with parallel striie, convei^- 
ing towards the apex. In the smaller elongated blocks, irom 
six to twelve inches in diameter, I observed that the stris 
were generally, if not always, parallel to their longer axis, 
which shews that, when subjected to the abrading force, they 
arranged themselves in lines of least resistance ; but of three 
large blocks which remained imbedded in a perpendicular 
cliff, the vertical sides of two were scored in horizontal lines, 
and of the third in an oblique direction. These several facts, 
especially the parallel strise on the upper and lower surfaces, 
shew that the boulders were not scored on the spot where they 
are now imbedded, as seems to have been the case with the 
boulders described by Mr Maclaren,* in the till near Edin- 
bui^h. The contrast is very striking in the state of the sur- 
face of these boulders, and those which lie scattered high up 
on the ades of the adjoining hills and of the great central 
valleys, or are perched on the worn bosses of naked rock ; 
suuh boulders, as I particularly noticed, present no signs of 
scores or striee, as might have been anticipated, if, as is sui>- 
]>osed, they were transported on the surface of the glaciers. 
lu the (juarries which I examined, namely, below Betheada, 
nnd at some little height on the eastern side of the village, 
the till rested on slate-rocks, not worn into bosses. I found, 

* Geolo97 of Fife and the LoUubiu, p. 313. 
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however, a rather smooth pap of greenstoue marked with a 
few deep scores. 

The till forms, at the height probably of 600 feet above the 
sea, a little plain, sloping seaward ; and between Bethesda 
and Bangor there are other gently inclined sarfaces, composed 
of till and stratified gravel. Considering these facts, together 
with the proofs of recent elevation of this coast, hereafter to 
be mentioned, I cannot doubt that this till was accumulated 
in a sloping sheet beneath the waters of the sea. In compo- 
sition it resembles some of the beds of till in Terra del Fuego, 
which have undoubtedly had this origin. 1 presume tlie 
scored, rounded, and striated boulders were pushed, in the 
form of a terminal moraine, into the sea, by tLo great glacier 
which descended Naut-Prancon. 

Mr Trimmer* reports, on the authorily of tome workmen, 
that sea-^ells have been found on Moel Faban, two miles 
N. E. of Bethesda. I ascended tlib and some neighbouring 
hills, hut could find no trace of any deposit likely to include 
shells. This hill stands isolated, out of the course of the 
glaciers from the central valleys ; it exceeds LOOO feet in 
height, its surlhce is jagged, and presents not the smallest 
iqjpearance (rf the passage of glaciers ; but high up on its 
fianks (and perhaps on its very summit), there are large, an- 
gular, and rounded boulders of foreign rocks. 

Along the sea-coast between Bangor and Caernarvon, and 
on the Caernarvonshire plain, I did not notice any boss-formed 
hillocks of rock. The whole country is, in roost places, con- 
cealed by beds of till and stratified gravel, with scattered 
boulders on the surface ; some of these boulders were scored. 
From the account given by Mr Trimmert of his remarkable 
discovery of broken fragments of Buccinuni, Venus, Natica, 
and Turbo, beneath twenty feet of sand and gravel, on Moel 

• Proceedings of the Geological Society, vol, i. p. 332; or Pliil, Mag. 
9. 2, vol. s. p. U3. Mr Trimmec was one of the esrliest observers of tlio 
scoTOH and other marks on the rocks of Noilli Wales. Ho aleo remarked, 
ttiat " some of the larger blocks amid the gravel have deep scratches on 
their surface." Mr Trimmer himself found broken sea-shells in the dilu' 
vium at Beaumaris, 

t Froceedii^ of the Oeolt^a) Socielv, vol. i. p. 333 ; Phil. Maj;, 
be. eit. 
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Tryfan (8. E. of Caernarvon), I ascended this hill. Its height 
is 1192 feet* above the sea; it is strewed with bonld^v of 
foreign rock, most of them apparently from the nei^bonring 
motintains ; bnt near the summit I found the roonded cbalk- 
flints.t and small pieces of white granite, alluded to by Dr 
Buckland. Its form is conical, and it stands isolated ; wher>- 
ever the bare rock protrudes its surface is ja^^d, and tfaew^ 
no signs of being in any part worn into bosses. The contrast 
between the superficial part of the bare rock on this hilt and 
on Moel Faban, with that of the rocks within the great cen- 
tral vallej-s of Caernarvonshire, is very remarkable; it isa con- 
trast of precisely the same kind as may be observed in these 
same valleys hy ascending on either side above the reach of 
the ancient glaciers. A little way down the hill, a bed two 
or three feet in thickness, of broken fragments of slate mixed 
with a few imperfectly rounded pebbles and boulders of many 
kinds of rock, is seen in several places to rest on the slate, the 
upper eurfece of which, to the depth of several feet, has been 
disintegrated, shattered, and contorted in a very curious man- 
ner. The laminated fragments, however, somedmes partially 
retain their original position. 

I did not succeed in finding any fragments of shells, but 
near the summit of the hill, on the eastern or inland side, I 
found beds at least twenty feet in thickness of irregularly 
stratified gravel and boulders, with distinct and quite defined 
layers of coarse yellow sand, and others of a fine argillaceouB 
nature and reddish colour. These beds closely resemble those 
of Shropshire and Staffordshire, in which are found (as I hare 
myself observed in very many places) fragments of sea-shells, 
and which every one, I believe, since the publication of Mr 
Murchison's chapters on the drift of these counties, admits 
are of submarine origin. It may therefore be c<»iclnded, that 
the layers of coarse and argillaceous sand, and of gravel, with 
&r transported pebbles and boulders, do not owe their origin 
to an inundation, but were deposited when the summit of 

* HnrcluMin'B Silurioa System, p. 638. 

t I may mentJQD, that at Little Uadely, in Staffardafainii I bave found 
ebmlk-flJnU in Uia gravel beds, associated with ezisling ipeciM of sea- 
iheUt. 
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Moel Try&n stood submerged beneath the surface of tlie sea. 
As there are no marks of the passage of glaciers over this 
mountain (which, indeed, from its position, could hardly have 
happened), we must suppose that the boulders were trans^ 
ported on lloating ice ; and this accords with the remote ori- 
gin of some of the pebbles, and with the presence of the sea- 
shells. Within the central valleys of Snowdonia, the boulders 
appear to belong entirely to the rocks of the country. May 
we not conjecture that the icebei^, grating over the surface, 
and being lifted up and down by the tides, shattered and 
pounded the soft slate-rocks, in the same manner as they ap- 
pear to have contorted the sedimentary beds of the east coast 
of England (as shewn by Mr Lyell*) and of Terra del Fuegol 
Although I was unable to find any beds on Moel Faban likely 
to preserve sea-shells, yet, considering the absence of the 
marks of the passage of glaciers over it, I cannot doubt that 
the boulders on its surface were transported on floating ice. 

The drifting to and-£ro, and grounding of num^'ous ice- 
bergs during long pefioii6::t>i^ successive uprising coast- 
lines, the bottom being thus often stirred up and fragments 
of rock dropped on it, will account for tKe ^ping plain of 
unstratified till, occasionally associated with beds of sand and 
gravel, which fringes to the west and north the groat Caer-* 
narvonshire mountains. 

In a paper read befc«e the Geological Society, f I hav^ 
remarked that blocks of rock are transported by floating ice 
under different conditions ; lal, by the freezing of the sea, in 
countries where the climate does not favour the descent of 
glaciers ; 2d, by the formation of icebergs by the descent of 
glaciers into the sea, ivafB^, mountains not very lofty, in lati-< 
tudes (for instance in that of Geneva, or of the mouth of the 
Loire, in the northern hemisphere) where the surface of tlie 
sea never freezes ; and, Zd, by these two agencies united 



• "On the Boulder-Formation of Eastern Norfolk," Phil. Mag, § 3, 
vol. xvi. Haf 1810, p. 361. 

t Ha; S. 1841, " On th« Distribution of the Erratic Boulders, and oa 
the contemponuieouB umlratifled deposits of South America" (Phil. Hag. 
S. 3, vol. xii. p. 636). 
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I have farther renuriced, that the condition and kind of the 
stones tranqwrted would generally be infloenced by the man- 
ner of prodnction of the floating ice. In accwdance with 
these viewa^ I may remark, that it does not seem probable, 
from the low level of the chalk- formation in Great Britain, 
that rounded chalk-flints conld often have fallen on the sur- 
face of the glaciers, even in the coldest tiroes. I infer, there- 
fore, that such pebbles were probably inclosed by the freez- 
ing of the water, oa the ancient sea-coasts. We have, how- 
ever, the clearest proofs of the existence of gla<»ers in this coun- 
try ; and it appears that when the land stood at a lower level, 
some of the glaciers, as in Nant-Franeon, reached the sea, 
where icebergs charged with fragments would occasionally be 
formed. By this means we may suppose that the great an- 
guiar blocks of Welch rocks, scattered over the central coun- 
ties of England, were transported.* 1 looked carefully in 
the vallies neiv Capel-Curig and in Nant-Francon for beds of 
pebbles, w other marks of marine erosion, but could not dis- 
cover any; when, however, Moel Try&n and Faban stood 



* On tlie muuiiit of AsUcjHeaUi in SUffimbhiM, there ia an BBpiUr 
block of sjeiutic greetutone, foni feet lud a half by four feet sqaan, and 
two feet in thickneas. Thii point is B03 feet above the loTel of tlie sea. 
Froin thit fact, togetlier with those relating to Hoel IVjrfan and Fnban, we 
mast, I think, coDclodo that the whole of tiiia part of England was, at the 
period of the Aoatiag ice, deeply eobmeiged. Ftomthereaarau^TeBinmy 
pi^er (FhiL IVaui., 1839, PhiL Mag. S. 3, vol. xiv. p. 363), I do not doubl, 
that, at thia same period, the central porta of Scotland stood at least 130U 
feet beneath the preient level, and that its emergence since hns been very 
alow. The bottldet on Aahley Heath probably haa been expoaed to atiuo- 
aphnrir liirrintfigtalltm ffrr a longer petiod than any other in thiapaitofEtig- 
land. I was, therefore, intereated in comparing the atate of ila lower inr- 
face, which was boried two feot deep in compact ferruginous sand (contain- 
ing only qnarti-pebbles from the enlgacent new red aandatone) with the 
upper part I could not, however, p^ceive the snulleat diSbrence in the 
preserration of the sharp outlines of its udee. J had » hole dog under an- 
other large boulder of dark greoi felspathic slaty rock, lying at a lower 
level ; it waa separated by IS inches of sand (containing two pebbles of 
granite, and some angular and roonded masses of new red sandstone), from 
the snrface of the new red sandstone. One of the rounded balls of this 
latter stone had been split into two, and deeply scored, evidently by the 
stranding of th» bonldcr. 
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lieneath the level of the sea, inland creeks of salt water must 
have stretched far up or quite through these valleys, and where 
they were deep, the glaciers (as at present in Spltzbergen), 
would have extended, floating on the surface of the water, ready 
to become detached in large portions. From the presence 
of boss-formed rocks low down in the valley of Nant-Francon, 
and on the shores of the lakes of Llanberis (310 feet above 
the sea), it is evident that glaciers filled the valleys after the 
land had risen to ne^y its present height ; and these glaciers 
must have swept the valleys clean of all the rubbish left by 
the sea. As far as my very limited observations serve, I sus- 
pect that boss or dome-formed rocks will serve as one of the best 
criterions between the eifects produced by the passage of 
glaaers and of icebergs.! I^r Buckland has described, in de- 
tail, the marks of the passage of glaciers along nearly the whole 
course of the great central Welch valleys ; I observed that these 
marks were evident at the height of sonie hundred feet on the 
mountain-sides above the water-sheds, where the streams 
flowing into the sea at Conway, Bangor, Caernarvon, and Tre- 
madoc, divide : hence, it appears, that a person starting from 
any one of these four places (or from some way up the valley 
where the glacier ended), might formerly, without getting 
otf the ice, have come out at either of the other three places, 
or low down in the valleys in which they stand. The moun- 
tains at this period must have formed blands, separated from 
each other by rivers of ice, and surrounded by the sea. The 
thickness of the ice in several of the valleys has been great. 
In the vale of IJanberis I ascended a very steep mountain, 
E.NE. of the upper end of the upper lake, which slightly pro- 



* Dr Mutens on the Glaciers of Spitzbergen, Edin. New Fliil. Joum. 
1841, vol. XXX. p. 288. 

t In the Appendix to taj •Toumal of BeBearchee (1839), I etiJeflvoured to 
ihew that manj of tlie appearancea attiibuted to debacles, and to the moro- 
meotaof glaciers on solid iand, woold, in all probability, be produced by the ac- 
tion of ■Irandediccbei^. I have stated (p. 6I9)on tho autborityof DrBich- 
atdson, that the rock/ tMds of the Tiverain North America which convey ire 
are smoothed and polished; and that [p..630) the icebergs on the Arctic shore 
drive before them every pebble, and leave the sabmorino ledges of mck ab- 
solutely bM& 
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jecU where the Talley bends a little. For the lower 1000 
feet (estimated, I think, correctly), the marks left by the glacier 
are very distinct, especially near the upper limit, where there 
are boulders perched on the bosses of rock, and where the 
scores on the nearly vertical faces of rock are, I think, mors 
distinct than any others which I saw. These scores are gene- 
rally slightly inclined, but at various angles, sea^ward, as the 
surface of the glainer must formerly have been. Bat on one 
particular lace of rock, inclined at an angle of somewhere 
about 50°, continuoQS, well-marked, and nearly parallel lines 
sloped Inwards (in a contrary sense to the surface of the 
glacier) at an angle of 1S° with the horizon. This &ce of 
rock did not lie parallel to tbe sides of the main valley, but 
formed one ^de of the sloping end of the mountain, over and 
round which, Uie ice appears to have swept with prodigious 
force, expanding laterally after being closely confined by tbe 
should^' above mentioned. At this point, where the glacier 
has- swept to the westward and has expanded, its surface 
seems in a short space to have declined much ; for on a hill 
lying about a quarter of a mile NW. of the shoulder, and 
forming a lower part of the same range (it stands S.SK. of 
the Victoria Inn, and has a reddish summit), the marks of the 
passage of the glacier are at a considerable lower level. At 
the very summit, however, of this bill, several lai^ blocks of 
rock have been moved from their places, as if the ice had 
occasionally passed over the summit, but not for periods long 
enough to have worn it smooth. 

I cannot ima^ne a more instructive and interesting lesson 
for any one who wishes (as I did) to learn tbe effects produced 
by the passage of glaciers, than to ascend a mountain like one 
of those soath of the upper lake of Llanberis, constituted of 
the same kind of rock and similarly stratified, from top to 
bottom. The lower portions consist entirely of convex domes 
or bosses of naked rock generally smoothed, but with their 
£teep faces often deeply scored in nearly horizontal lines, and 
with their sammits occasionally crowned by perched boulders 
of foreign rock. The iqtper portions, on the other hand, are 

. less naked, and the jagged ends of the slaty rocks {Hxgect 
through the turf in irregular hammocks ; no smooth boes^, 
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no scored surfaces, no bonlders are to be seen, and tiiia 
change is effected by an ascent of only a few yards ! So great 
ia the contrast, that any one viewing these mountains from a 
distance, wonld, in many cases, naturally conclude that their 
bases and their sammits were composed of quite different fbr- 



Vescriptiona of tome Nem Cnutaceous Animalt found in tlie 
Firth of Forth. By Henet D. S. Goodsib, Esq., Surgeon, 
Anstruther. Communicated by the Author. (No. IV.*) 
With a Plate. 

SECTIOK I. ON THE GEKCS H0KKA. 

While engaged during the end of July last in examining 
the produce of a day's dredging from the mouth of the Firth 
of Forth, I observed a crustaceous animal running briskly 
along the bottom of the vessel, which I at first took to bo a 
small nympAon. On a more minute examination, I found that 
it was an Itopodous Crmiacean belonging to the Famille dea 
Asellotet of Milne Edwards. 

1 had applied the name of Thetis as a generic title to this 
animal, and it was my intention to publish it under this name. 
Some days afterwards, however, as I was accidentally looking 
over a few numbers of the Isis forlast year (1841), I was both 
delighted and disappointed to find in the No. VI. for that 
year, my genus Thtlit, fully described and figured by M. 
Kroyer of Copenhagen under the name of Munna. I, of 
course, immediately assumed his generic title. 

The only species of this genus which I have examined is 
remarkable in so far that it possesses pedunculated eyes, which 
are at the same time quite immoveable, and also in the last or 
filiform portion of the superior antennae being double. 

The external plate of the abdominal branchiie is extremely 



* This intimates the foaith of the series of Original Observations o: 
h Ciustaceans, as commonicated by the Author. 
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narrow, and is not composed of two equilateral pieces, as in 
the other AMellota, tut consists of one piece only, with an im- 
moveable suture ill its mesial line ; it is attached to the body 
by means of its proximal extremity only. 

These animals differ also from all the other I«opodou* 
Crustaceans, in the great length of their ambulatory legs, which 
leads the observer at first to suppose them to belong to the 
Kympkonidw ; its quick and active habits, however; very soon 
ondeceive him. 

The habits of this species of Munna, like the rest of the 
Isopoda, are interesting ; it is quick and active in its motions, 
running along the branches of the smaller coralUnes with 
great rapidity. I have never observed it swim ; in fact, it is 
not adapted to this mode of progression. When pursued along 
the bottom by any larger animals, or with the point of a 
needle, it runs quickly before it ; but often stops suddenly, 
turns round, and becomes assailant. 

The eggs are carried in a large oviferous pouch, which is 
situated between the thoracic legs, and is composed of four 
large plates, very like those of the Caprellcs. I now subjoin 
M. Kroyer'a definition of this genus. 

MuMMA {Kroger.) 
" Xovum Jtopodvm Genu* {inter AttUota, Lair. fropeJmram). 

*' Oculi valde prominentes (fere pedunculati), tota capitis 
latitudine distantes ; antennae inferiores longissimes ; pedes 
1 mi paris prehensiles (manu ungueque mobili instrueti), reli 
qua 6 paria ambulatoria, longissima (pleraque corporis longi 
tudinem supernntia), hiungulata ; 7 mus thoracis annuhis mi 
nimus parumque conspicuus ; cauda appendicibus omnino de- 
stituta ; branchia; unica tantum teetse lamina."* 

In the species which I have examined of this genus, the 
tail is not, as Kroyer states, entirely destitute of appendages ; 
for although minute, they are easily seen with a small power. 
They are four in number (Plate VI. fig. 14.), one spine at each 
of the posterior angles of first abdominal segment, and two 
smaller styles from either side of the apex of the last joint. 

* Kroyer. laisTon Oken,18Il,p.428. 
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MUNNA KROYERI. (MIM.) PUtC VI. fig. 2. 

With the ejea extremely prominent, and with the whole 

body very spiny. 

Detoriplioit. — The 'whole animal of an ocbrey-bcown colour, except tLe 
reticulated portion of tha eyes, nliich arc black. The head is larg'e, 
counded anteriorly, and slightlj pointed in the middle. The palpi of 
the external maxillee arc seen projecting in front of the untcriot edge, 
and they ate alvrays in motion. The dorsal surface of the head is quite 
smooth, and the internal or superior nntenuED arise from it irithin the 
margin, and a little anterior to the ejes; thej are extremely curious, 
and are composed of a peduncle of three articulations, and of a double 
multiarticulate setaceous portion, Trhich arises from the last joint of the 
peduncle; these are very slender, and incline to^rards one another nt 
Iheir eitremities (Plate vi, fig. 1), The whole organ is equal in length 
to the two first joints of the inferior antennie and the proximal half of 
the third joint. The external antcnnee are much produced, being consi- 
derably longer than the body; the peduncular portion is composed of 
four joints, the setaceous portion is multiarticulate. Two large blood- 
vessels arc seen running through these organs. 

The ojes are large and pedunculated, but quite immoreable ; the rc< 
ticulalcd portion is small, and is almost altogether confined to the 
lower surface. The first six thoracic segments of the body arc almost 
all equal ; the seventh is obsolete. Tlie first pair of legs are prcben~ 

. sile, and tlie roecfaanbm is rather curious (Plate VI. fig. B) ; the fourth 
Joint is very large and rounded, the inferior angle of its distal extre- 
mity is armed with four large and strong teeth, two of which are large, 
the other two being smaller ; the fifth joint is not so large, and is reni- 
form; the sixth joint is long and pointed, bearing at its extremity a strong 
claw. The following six pair of fcet are ambulatory (Plate VI. fig. 10), 
Thej ate very spiny, and the last joint is armed with two strong claws, 
which are not placed in the usual way, but with the one above the 
other; the superior is largest and strongest. The abdominal portion 
of the body (Plate VI. fig. 14) is composed of two segments. The 
first, which is largest, is of & square shape, and is armed with tira 
strong spines at its posterior angles. Tbc last segment is almost tri- 
angular, the apex being directed postcriotty, two small styles arise from 
each side of the apex. All the external margins of both of thaaa Mg- 

- lucnts arc thickly fringed with minute hairs and spines. 

The abdominal brancliiie are almost semicircular, and eadi of them 
is armed on ils internal edge with a small appendage. Length of body 
one line ; span of legs three lines. (Plate VI. fig. 6). 

I dedicate this species to M. Krojer, the original discoverer 
of the genus, and a naturalist who has added much to our 
knowledge of the crustac^ of the north of Europe, /die Mj ^ 
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SECTION II. OK THE GENUS EVADNB. 

• The next [iniinal to be described is OiDaphnoid Cnutaettoi; 
it is the Evadne Nordmanii of M. Loven. 

About the end of June and the beginning of July last 
(1842), innnmerable shoals of species belonging to this genos, 
with immense numbers of Entomostracoui Cmsface<ms, ranging 
under the order Cop^eda of Milne Edwards, appeared at tbe 
mouth of the Firth of Forth. These shoals were most nu- 
merous about the sheltered parts of the island of May. And 
so abundant nere they, that by drawing a scnm-Det once 
through the water, the animals could be taken out of it in 
hahdfuls. 

Although I have observed one or two undescribed species 
amongst those specimens which I have got, I have not been 
able, from want of time, to examine thorn minutely. In the 
meantime, then, I will merely give a short account of the ob- 
servations I have made on M. Loven's species : — 

Genus Evadhe {Loven.} 
Tbc hcail not dolaclied from the body; the anterior branch of Ibeanten- 

nra composed of three, and the posterior branch of four, aTliculations. 

Ev.dne Nordmannii. Flate VT. fig. 15. 
DeicrlpCioa. — Tlie irholc animal almost colourless, except llio poslcrioc 
portion of the eje, which is black ; the anterior portion is much larger, 
and is deeply ribbed longitudballj. The antcnnsB are composed of 
two branches, an anterior and posterior ; and a number of long spines 
arise from the extremity of each. Four short articalated legs arise 
almost immediBtely below the eye ; a strong muscle ascends from the 
legs, and, passing upwards immediately behind the eye, is attached 
to the dorsal portion of the shell. Each leg Is composed of four 
articulations, and a number of strong spinea arise Emm these articn- 
tatiODS. All that portion of the internal cavitj of the shell, imme- 
diately behind the muscle, b apparently empty, except during the sea- 
son of spawning, when this part of the body may be observed filled 
'with ova or young. The posterior part of the body is produced, in the 
middle, into a strong pointed spine. There is no appearance of an in- 
testinal canal, and its organism is apparently very simple Length, 
half a line. 



* Kroyei. Isis von Oken, 1811, p. 42& , . , 
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The habits of tliis animal are extremely active, and are very 
similar to those of the Daphn'ta. This species, along with 
different EntOmoatraca, forms the principal food of the her- 
ring during the summer months. 



eectiok. 111. om a new obnvs of ftcnogokixi^. 

Genus Pasithob 

Forms a new type among the Pycnogonidce. Its generic 
characters are very distinct. The rostrum is very long, and 
is armed on either side with a long and powwful palpns, which 
is composed of eight articulations. No mandibles: ' Oviferous 
legs very short, and nine-jointed. 

p. VESICULOSA. (Mi/ii.) Plate VI. fig. 17. 
Detcription.~Tht! whole animal ib of & brown colour. The roEtnim is 
oblong, oral, contcncted at cither extremity, and consider.iblj sn-ollcn 
in tlie middle. The palpi aro eight-jointed, rather longer than the ros- 
trum, and are armed at their extremities with long hairj' spines. The 
three coxal joints of the arabulatorj lega are minute ; the second one 
is considerably dilated at its distal extremity. The femoral and two 
tibial joints ore all equal in length, and each of them is peculiar in 
sliope ; about one-thitd of its proximal extrcmitf is very much con- 
tracted, and quite cylindrical ; the succeeding portion then swells snd- 
. denly out, and is rounded off at its distal extremity. The first or con- 
tracted portion of these joints is apt to be mistalcen for a separate arti- 
culation. The first tarsal joint is minute and rouudcd ; it is only seen 
from the lower surface. The second tarsal joint is equal iu length to 
the femoral or tibial joints, and is very much bent, and its extremity Is 
armed with the usual number of claws ; but the two auxiliaries arc 
, very minute. The first thomcic segment of the body is the largest, 
being as large as the three others combined. The oculifcrous tubercle 
is situated near the auterior edge ; it is email, and the eyes are placed 
around it. The last or abdominal segment is very long and slender, 
being almost as long as the rostrum ; it ends in a fine point. The ovl- 
ferous legs are very short j the fifth joint is longest. Span of legs 
lialf an inch. 

This animal approaches more nearly to the genus PycnoffO- 
num than any other species of the family yet known ; andj at 
the same time, many of its characters assimilate it to the genus 
Phoxichiliu ; thus, I should think, forming the connecting link 
between these two genera.. 
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Description of Plate VI. 
Fig. l.SupciioTanteiiiue ofUunnaKrojeti. 

2. Manna Erojen. 
... 3. Nat. eizc of do. 
... 4. Inferior aulennce of Manna Erojori. 
... 6. First or preliensile pur of legs. 

S. Abdominal bianchns, a, appendage. 
... "J, S, 11, 12, 13, Parta of the mouth. 
... 9. Abdominal plate, 
... 10. Ambulator J' leg. 
... 14. Abdominal figments. 
... 15. Eradne Nordraannii, a, nat. size, 
... 16. Antetiorpart of bodjiofanETadne. 
... 17, Pnaitbie VeBicuIoaa, a, nat. size. 
... 18. Rostrum, palp, and oviferons legs of do. 



Extracts from Professor Valentines Beport on the Progress of 
Embryology in the year 1840.* 

Some interesting discoveries rendered the past year a high- 
ly productive one for embryology. Two main problems which 
engaged the various physiologists here occupy the foreground ; 
namely, the earliest tlevelopment of the Mammalia, and the 
metamorphoses of the germinal membrane in its transforma- 
tion into the embryo. * • * * • So long as the meta- 
morphoses of the germinal vesicle following fecundation could 
be considered only hypothetically, it was assumed tbat the 
Purkinjean [germinal] vesicle either burst and poured out its 
contents, or became flattened ; and now io one of these two 
ways contributed to the formation of the germinal membrane. 
Both theories had been put forth before the discovery of the 
germinal spot. But when the existence of the latter became 
known, the discoverer said, tliat probably the macula germi- 
naliva represented the first foundation of the germinal mem- 
brane. This conjecture obtained more probability from the 
obvious fact, that the number, size, and distribution of the 
germinal spots alternated according to the different stages. 
Research, however, first in the mammalia, and then in rep- 
tiles and fishes, shewed that, in consequence of fecundation, 

• Kfjwtoii'tHn/ r Anaiemit and Phyiiolt>gi<. Jabrgang, lUl, . ^ 
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the interior of the germinal vesicld presents new cells, w that 
(as was seen in the rabbit), 'within the germinal Teeicle, new 
cells are really built up upon the foundation of the germinal 
spots. — {Introduetortf Bemar/a, p. 13). 

First stage* in Ihe tUvelopmenl of the fecundated ovunt, 
especially that of the Mammaiia. — Ab was already remarhed in 
the Introduction, the most important publications of the past 
year concerning embryology, are concentrated in the subjects 
of this chapter. We will, therefore, before presenting some 
extracts of the details, first state the most important results. 
With few exceptions to be mentioned, all the observations 
have reference to the Mammalia, and indeed to the rabbit. 

1. At ike period ofiht rut certain changet have alreadrj taken 
place in the oeariam, the [Graafian^ fotliclee, and the ttructitrei 
appertaining thereto. — Through an iucreased congestion of the 
ovary single follicles become more strongly developed. The 
germinal spot, which gives the impulse to the formation of 
new cells, probably undergoes changes of this kind. From 
the observations of Negries, above-mentioned (p. 248), it may 
be conjectured that in the human female also, the i>erlod of 
menstruation is attended by similar phenomena. 

2. Fecundation itself comes to pass ap^mrently in (hefoUoiv- 
inff manner. A portion of the semen that has been brought to 
the surface of the ovarium probaUg passes into the ovum, and 
gives the atimulut to the formation of cells within the germinal 
vesicle. •*••** 

3. The number of ova prepared for fecundation bg the rut, 
does not correspond with the number of the subseguetitlg fecun- 
dated ova, but generally exceeds the same. — This fact, already 
known, has been confirmed by the latest researches on the 
rabbit. 

4. It if ten Itappena that more ova pass out of the ovary than 
are fecundated, or at least than become developed. — Herein ac- 
cord the observations of Barrt with those of Pappekheim. 
The former found in the tubes and uterus unfecundated or 
aborted ova. In like manner, parts of the [Graafian] follicle 
which usually remain in the ovary, for example, portions of 
Barry's ovisac, may be found in the oviducts. 

5. J!either the place to which the ova in the tubes and uterus 
have advanced, nor the site of the tame, nor the time that ha* 
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ttapMii aince they left the ovary, aghrdt an eXMi criterieu for 
tie -decree ef their inlemat developsunt. This position fur- 
nishes only IV confirmation of wh^ was already knovni. * * * 
6. The germinal vesicle doet not disappear nor burst through 
Xecundatian, but fills with ceils, the formation of tvhich proceeds 
from the germinal spot ; and this takes place fn/ no means in (» 
peculiar manner, but according to a normal mode which mani- 
fests itself elsewhere. These clrcamstaQceB, which really ex- 
tend onr knowledge, have been made known by the laborious 
T^searches of Babbt. The general process U as follows : — ■ 
It is known tiiat in the interior of the germinal spot there 
exiiits a central body, which often becomes surrounded by con- 
centric traces. This body now enlarges and filb with a pel- 
lucid fluid. That port of the germinal spot which is directed 
towards the interior of the germinal vesicle passes into cells, 
arranged like pill-boxes one within the other; yet so that the 
pellucid central vesicle remains near to the periphery [of the 
ovum]. Within the cells thus arisen there are formed new 
cells. This cell-formation proceeds in layers from the centre 
towards the periphery. The outer strata of cells are thus 
pushed further out, and the most external disappcBT while new 
inner strata form, so that the middle ones advance to the outer 
part. In this manner the germinal vesicle becomes filled 
with masses of celts, while its membrane disappears. But in 
the situation of what was originally the centre of the germinal 
spot there are formed two cells, distinguished by their larger 
size ; and out of these two larger cells new cells arise, as be- 
fore, through the formation of cells in cells, 4, 8, 16, and so 
on, the number doubling every time. These two cells of the 
central part of the germinal spot, with their succeeding cells, 
form the foundation of the germ. In it, the germ, again, 
there is to be seen a cell distinguished by its larger size. 
The nucleus of this latter cell generates, through further de- 
velopment, the foundation of the embryo. It may hence be 
conceived, that the seminal fluid, taken up by imbibition, ar- 
rives at what was originally the central part of the germinal 
spot ; first gives a stimulus to the oell-formation in the peri- 
pheral part of the germinal spot and to the consequences of 
the same ; then, through the formation of cells, becomes itself 
the germ ; and that, subsequently, within the germ the nucleuB 
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of a principal cell gives the stimulus to tbe formation of the 
embryo. Fecundation thus consists in the imbibed semioid 
fluid stimulating the germinal spot to the cell-formation, ac- 
cording to the type of cells in cells. But many more cells 
are formed than remain ; the outer layers being constantly 
absorbed. 

7. The farrtmB kn&mn to be presented by (he yelk arisefrom 
the formation of eelU (see Repertorium, v. 306). Their pre- 
sence in Fishes was established by Rusconi, in Mammals by 
Ba.rrt. In Birds tbey may either entirely fail, or, as is more 
probable, be limited to the germinal membrane and not ex- 
tended to tbe yelk. 

8. The rotation of the yelk or of the embryo in the ovum, 
previously observed in invertebraled animals and in Batrachian 
reptiles, is also found to take place in fishes and in mammalia. 
Rusconi perceived this rotation fifty hours after fecundation 
in ova of the pike ; so that it is thus met with where there is 
a circumscribed germinal membrane. In the rabbit it was 
seen by Barkt, although he remained in doubt as to the na- 
ture of the rotating body, which was determined by Bisckoff. 
The latter described also vibrating cilia on the superficial 
cells. It now remains a point of especial interest to extend 
the observation to classes which otherwise do not exhibit 
ciliary motion, for instance, the Crustacea. 

9. Of the other slrueturea of the [Graafian^ follicle which pass 
out \of the ovary] alony tvith the ovum, the tunica granulosa, 
and retinacula [discus proliyerus'] undergo liquefaction, while 
within the zona there arise concentric formations of membranes 
and fiuid or semifluid rings. According to Barrt this forma- 
tion amounts to from four to five membranes, the attenuation 
of the zona, above mentioned, goon disappears. The chorion 
is not formed out of the soma, but out of cells, which arise in 
the tube, and are lud down around the metamorphosed struc- 
tures. P. 260. 

[Professor Valentin then proceeds to give details of the 
observations of Dr Barrt, the principal of which are the fore- 
going nine. These details will be found in the Philosophical 
Transactions for 1839 and 1840. Abstracts of them have 
)>eeu already fumtsbed by this Journal.} 
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Notices of Earthquaie-Shockt felt in Great Briltxn, and espe- 
cially in Scotland, tcitk inferences suggested 6^ these natiees as 
to the causes of the SAocks. ByDAvioMiLNB, Esq., F.R.S.E., 
M.W.S , F.G.S., &c. Commtinicated by the Antiior. 

(Continaed from VoL XXXIL pag« 378. 

II. Accounts from more distant farts of the Cou5trt. 
These have been, for the siike of distinctness, arranged ac- 
cording to the direction of the districts of country from Cotn- 
rie : — and they will be presented in the following order. Ac- 
counts will be given, first from districts IFett of Comrie, next 
from districts North of Comrie, nest from districts East of 
Comrie, and, lastly, from districts South of Comrie. 

(1 ) Accounts from districts West of Comrie. 

At Dunira, Sir David Dundas informed the author, that the 
shock of 23d October, like every other, was felt to come from 
the NE. The hill of Duomore, from or near which the shocks 
appear to origifiate, is situated to the NE. of Dunira, and is 
about oue mile distant. With regard to this hill, Sir D. Dun- 
das writes, that its ancient name may " induce one to believe, 
that, in former days also, there had been some queer doings 
in that district. The ancient name of the hill was Dundow- 
nie, or Hill of Evil Spirit ; and tradition says that this said 
Evil Spirit dwelt in the cauldron immediately to the NE. of 
the hill. The waterfall there is still called the Devil's Caul- 
dron, or Slochk an Down." 

At Ardvoirlich, about 7 miles west of Comrie, the shock is 
described by Mr Stewart as having been very severe. " The 
noise which preceded the shock was as loud and similar in 
sound to the discharge of a piece of cannon at the distance of 
a quarter of a mile, and was followed by a rolling noise which 
lasted from 15° to 20". There were two distinct shocks, fol- 
lofving each other at the interval of less than a second- I 
can compare the sound to nothing more neariy, than the report 
of one of the heavy guns of Edinburgh Castle as heard in tlie 
New Town, when fired on the south side of the Castle. Tha 
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first report was followed by a long rolling rererberation. In 
evfiry oascr I am mcUned to say thot the sound proceeded 
from the atmosphere, and not from under groand. The sound 
seemed to be high m the air. In every case, it was remarked 
here to have been heard first in the south-east, and ta die 
away gradually towards the south and west. The shocks were 
most severely felt in the upper parts of houses. This house 
ie situated upon flat alluvial ground, from 10 to 20 feet above 
the level of Locheam, and having a subsoil of coarse, adhe- 
sive, ferruginous gravel. The shocks seem to have been more 
severely felt here, than in the neighbouring farm-houses situ- 
ated on Uie slope of the hill. During the whole period of 
nearly three weeks over which the earthquakes extended, the 
state of the atmosphere was peculiar. The air was very 
calm, thick, and heavy, and the temperature high for the 
season. The hills were almost constantly enveloped in thick 
mist. Heavy falls of rain were of frequent occurrence, — 
while the barometer stood nnusnally high." 

At Olenbuckie, about 14 miles west of Conarie, Mr Claud 
Russell, accountant, Edinburgh, who was there at the time, 
states that the shock was perceived about Kf" I&' r.H. The 
iKHse and concussion both appeared to come from Locheam. 
The table in the drawing-room shook, and caused a "dinnal- 
ing" noise. 

At Callendar, about 15 miles SW. of Comrie, the shock was 
felt about 10'' 10* p.m. The noise and motion continued for 
30' or 40'. " We were most sensible (says a correspondent) 
of a violent undulating movement of the whole apartment. 
The- tin covers in the kitchen, hanging by rings on long nails 
on the north-west wall, were set into violent motion, and were 
shaken off from the wall.'' 

At Lu8s Manse, on west side of Loch-Lomond, a rumbling 
noise was heard, " accompanied by a tremulous motion which 
shook the doors, tables, chairs, Stc, and caused the bells in 
the manse to ring. An individual distinctly felt his chair 
move three times under him." 

At Cameron Some (the residence of the late Admiral 
Smollet), also on the west side of Loch-Lomond, the shock was 
-perceived about 10 p.v. It produced a sound, in the lower 
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Ihi of the ItEHue, like that cauBed by carnages. In the attw 
storey, the noiis w» mull loader, and caused two isaid-ser> 
vants there, to mn down sturs to Imeu the cause of it. At 
the porter's lodge, the gardener and fata wifi^^M) 'were in 
bed, were alarmed by the noise, and by the motion of tfcahait 
He described the soand as like distant thnnder. The noise 
travelled from East to West. 

Mr Charles Forbes (brother of Professor Forbes), who was 
at the time thret miles touth-tvest of Gla^om, wrote to fan 
brother that be felt tlie shock at 10 o'clock. "I felt the 
room all tremble, and particularly the timbers below my feet. 
The lamp shook, and the glasses rattled. I cannot say wha 
ther there was noise accompanying it or not, for the shaken 
house produced a sound. It was as if there had been a very 
heavy weight knocked five times (I wonld say) very r^idly 
on the garret-floor above me, and with sufficient power to 
shake the whole house. The iron-bars of the windows rattled 
three or four times." Mr Forbes* honse is bnih on the dil»- 
Ttal clay of the Clyde. 

At QlennuUlon, near Finnart, on Loch-Long, Dumbarton- 
shire, and about 30 miles SW. of Comrie, Sheriff Colqu- 
lioun writes that the shock was felt by him at lO** 10' p. m. " I 
was engaged in the perusal of a book which interested me 
very much, when suddenly I heard a singular, load, hollow 
rumbling noise, resembling nothing I had ever before experi- 
enced, followed, almost instantaneouBly, by a rapid undulatory 
motion of the floor beneath me, and that again by a violent con- 
cussion of the walls of the house, and rattling of the windows. 
I thought, indeed, at the moment, that the house was abont to 
tumble down about my ears* The whole of these phenomena 
occurred in the course of two or three seconds of time, and 
immediately afterwards every thing hecame perfectly quiet as 
before. My hotise fronts nearly SW. ; and it appeared to me 
that the shock approached from behind, i. e. from the NE., 
passing towards the loch, and probably into the opposite lands 
of Argyleshire. The rumbling sound already noticed, which 
was perceived immediately previous to the nndulation and 
conouBsion, was of a very peculiar nature, and caused a mo^ 
mentary, confused, uneasy Bensation, which I can <Hily conir 
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pore to the first slight disagreeable feelings which nsuiUy pre* 
cede a fit of sea-sickDeas. The ultimate coucubsIoq was very 
violent, occasioiiiiig a notion or feeling that the walls of the 
house had been suddenly shaken looset and were likely to fall, 
and the windows shook and rattled as if the glass were shiver- 
ing in pieces. The motion of the earth, so far as I could ol>- 
serve, was decidedly undalatory, such as might be conceived 
to be produced, by two or three waves succeeding each other 
with great rapidity. This motion may readily be conceived 
to bear some resemblance to the rocking of a cradle." 

(2.) Accounts /rom Dutrxctf North-WeH of Comrie. 

At Clenary^ 4 miles from Inverary, Colonel Fleming re- 
ports that he felt the shock about 10 p.m. " The motion and 
noise seemed to proceed from SE, to NW., or rather E. and 
W.» 

At DunoUy, near Oban, Captain Macdougal states, that 
about a quarter before 10 p.m. the shock was very slightly 
felt, but without tremor or vibration. There was a noise 
" which lasted about 3 or 1 seconds." 

At Ardgour, in Inverness-shire, there was both a noise and 
a motion perceived by Colonel Maclean and his family, It 
was distinctly perceived to come from the south. 

At Appin, still farther north, the noise, when first observed, 
was mistaken for the sound of carriages. Mr Downie writes : 
" I had only time to say, What is that ! before we were diaken. 
Every article in the room rattled greatly." 

(3.) Accounts from Districts to thi North of Comrie. 

At DuU Manse, in Aberfeldy parish, the Rev. Mr Dewar 
" felt both a noise and a shake about 10 p.u. The noise was 
first perceived. It was loudest when the shake was felt. The 
fihake continued 3^ or 4". The noise and shake seemed to 
come from the SW. I felt my chair lifted up, as if it were 
going over a wave of the sea. Exactly half an hour after- 
wards, I heard the noise of another shock, but not so load as 
the first. 

At Eingiutie, on the banks of the Spey, about fifty-^re 



D,g,l,..cbyGOOglC 
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miles from Comrie, and in a direction (by true bearinge) fi. ^ £• 
from it, some very remarkable phenomena were observed. 

The two gentlemen, whose reports are now to be qaoted 
from, are the Rev. Mr Shepherd, parochial minister there, and 
the Rev. Mr Ratherfiird ; the latter of whom was the person 
selected by Sir D. Brewster, to take charge of (he Meteorolo- 
gical Observatory established at Kingussie. 

Mr Rutherford states that "the shock took place at 18 
minutes past 10 oVlock f.h. One person informed me that 
another took place about a quarter of an hour af^r, with a 
rushing noise like wind, but no tremor ; the atmosphere being 
quite calm, when examined without doors. The noise was 
almost instantaneously succeeded by a heaving up of the 
ground, and then, afiter the interval of a few seconds, succeeded 
by a vibratory motion. One gentleman described it to me aa 
if a huge giant had attempted to lift the bouse, and not being 
able to succeed, took hold of it by the two comers in a passion 
and shook it from side to side. Another mentioned the bed on 
whichshe layas heaved up, and, after a moment's pause, shaking 
her from side to side as if to aivaken her from a sound sleep. 
The noise seemed to be in the earth. The shock seems, 
from concurrent testimony, to have almost followed the track 
of the river here, nearly in a north-easterly direction. In one 
house pieces of loose lime fell from the sarking upon the gar- 
ret floor, and the parlour door was thrown open. In other 
places the dishes, &c. rattled in the presses. In one the 
bottles were broken, and the house-bell rung. In one place, 
a little below the boat-house, where the valley is narrowest, 
a piece of alluvial level land, almost sunounded by the Spey, 
has been observed since to have an undulating snriace, just as 
if the waves, during a swell in a rather calm sea, had been ar- 
rested in a moment and so remained. The undulations seem 
to have been moving in a north-easterly direction ; they are 
not very marked, but were not observed before." 

" There was a sulphureous smell at the time of the shock, 
which was most distinctly felt by the Rev. Mr Shepherd, who 
went out almost immediately after the shock, and called Mrs 
Shepherd, who also felt it very strong. They repeated their 
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vmts two or three times to the open air at short intervals, and 
always distinctly perceived it, though gradually getting less. 
It was also distinctly perceived about twelve miles farther up 
the river, by persons who describe it as having the smell of the 
washings of guns." 

In regard to this smell, Mr Shepherd wrote to the author 
as follows: — " The sulphureous smell was distinctly perceived 
by Mrs Shepherd and myself here about five minutes after tho 
earthquake occun'ed. The smell, like the washings of gun- 
barrels, was perceived at Dalchally, in the parish of Laggan, 
on the banks of the Spey, by some of the inmates of that fa- 
mily. They happened to be here a few days after the eartli- 
qu^e and mentioned the circumstance. The smell was per- 
ceived a few minutes after the awful occurrence." 

The undulations referred to by Mr Rutherfurd appeared to 
the author a phenomenon so curious, and indeed so anoina- 
looD and inexplicable, tbat he obtained both from Mr Hutlier- 
furd and from Mr Shepherd (of whose glebe the field said to 
be afiected formed part), a very minute account of them, as 
well as of the previous condition of the field. He procured 
likewise a plan, made from actual survey, shewing the extent 
and depUi of the undulations ; and at the same time a sort 
of precognition of the persons who bad been employed in the 
cultivation of the field previously. The author also visited and 
examined the place in April 1842, at which time some of the 
undulations were still visible. 

The field in question is ^tuated on the north side of tbe 
Spey, and forms part of a haugh or alluvial fiat ^ound, the 
surface of which is on an average about five feet above the 
ordinary level of the river. It is surrounded on three sides 
by the river ; and, on the remaining, or land side, there is a hill 
fifty or sixty feet high. The field is about 300 yards long, and 
140 wide on an average. 

About two or three days after the earthquake, Mr Shep- 
herd, happening to take his usual afternoon walk along the 
ridge of the hill just mentioned, overlooking the field on the 
north, was struck with the appearance of undulations in it, 
which he had never observed before. The field was then 
in grass, and had been so for several years ; so that the 
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undulations could not bare been cxused by tillage. Mors'- 
over, the furrows of the plough were quite distinguish- 
able from the undulations, and ran in a direction nearly at 
right angles to them. Mr Shepherd immediately made the 
circumstance known to Mr Rutherfurd, who communicated 
'them to the author. It was then su^ested, that inquiry 
should be made of any persons employed who had been work- 
ing in the field during tliat season or the preceding one, so as 
to ascertain whether the undulations were new to them. This 
- was done ; and a precognition of several persons was sent to 
the author, from which it distinctly appeared that the field 
had not been ploughed for three or four years previously ; and 
that the furrows of the plough ran in an east and west di- 
rection, whilst the undulations ran in a north and south direc- 
tion (by compass). Farther, these persons, or some of tbem, 
str.ted that they bad mowed the grass in 1837, and were sure 
that no undulations existed then. It had been in 1838 and 
1839 pastured vrith sheep. These undulations were nine or 
ten in number, and occupied about one-half of the field. They 
consisted of alternate elevations and depressions on the sur- 
face of the ground, parallel to each other. The hollows be- 
tween the ridges varied in deptlt from two to eight inches ; 
the deepest being in the middle. The distance between each 
ridge varied from nineteen to thhly-one feet ; the widest 
being also about the middle of the undulations. 

When the author visited the field in 1842 there were still 
three or four of the undulations perceptible, though it had 
been ploughed since 1839. He observed that the soil was a 
stiff, tenacious, and fiexible clay, apparently capable of retain- 
ing any shape or form impressed on it. 

The undulations are at right angles to the general direction 
of the valley of the Spey, in this part of its course ; the river 
here running nearly due east, by compass. 

Whilst the circumstances above noticed, as well as the 
opinions of the inhabitants connected with the locality, strongly 
favour the supposition, that the undulations just described were 
produced by the earthquake of 23d October 1839, it is difficult 
to understand how such an effect could have been produced. 
' That the vibrations traasmitted upwfu^ from the subterranean 
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focns of action, would produce more effect on an alluvial de-; 
posit than on almost any other kind of surface, can be readily 
conceived ; and it was clearly shewn in other places nearer 
Comrie, that an uadulatory movement of the earth's surface 
was produced. But if at Kingussie there was an undulation 
produced in the baugh-land just referred to, would tliis undu- 
lation consist of more than one, or at the most two, waves t 
and would they not move progressively forward, leaving the 
surface as level as formerly ? How could the waves or any 
portion of them have been arrested in their progress, so as to 
present a series of nine or ten parallel undulations \ Is it suf- 
ficient explanation, that the surface when raised, say ten 
inches above its ordinary level, might have sunk back only 
six or eight inches, and that as the original wave advanced, it 
might produce sucoeseively a similar effect in different parts 
of the field,^-effeets which, if produced, would be exhibited in 
lines coincident with the direction of the moving cause ! 

It is proper to add, that similar undulaUons, though less 
distinct, were perceived in another haugh near Kipgussia, on 
the south side of the river. 

At Invernets, as the author was informed by Mr George 
Anderson, " the earthquake was felt about 15' or SO* after 10 
p. II., and as far west as Fort Augustus. At Inverness, therd 
was no second shock ; and in the country around, where such 
was felt, it was so slight, as only to be perceptible to a very 
few persons. 

" At Inverness the nature of the concussion was that of a 
mere tremor, as if occasioned by the passage of heavy car- 
ri^es along the street ; there was no undulation. At Parr, 
Colonel Mackintosh felt as if the house had received a con- 
cussion producing an unduUtory motion across it in an easterly 
direction, which was succeeded by a loud tremulous and rum- 
bling noise, resembling that of whecled-carriagea driven ra- 
pidly past the house, in a direction from S.W. to N E., and 
lasting about 30 seconds. The writer does not think the du- 
ration generally was more than from 30 to 30 seconds. 

" I'he pulsation shook houses and furniture in them, but so 
slightly, that it was not perceived by many ; and in several 
instances the noise was only thought to be caused by servants 
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in an opper room, moving some lieavy articles along the floor. 
Slates, in some instances, were heard to clatter on the roof ; 
but generally those persons ivho had just retired to rest, felt 
it most, and they describe their sensations as if the bed-cur- 
tams were violently shaken, and the bed-clothes a little raised 
up. In one instance, a lady thought she heard one of her 
children fall out of bed, and on going up stairs, found her son 
fairly on the floor quite bewildered, and he stated that some 
one shook him out of bed, 

" The greatest amount of injury caused, was the enlarging 
of some rente or cracks in the top walls and chimney-stalks 
of houses in Inverness. No stones or chimney-cans were 
thrown down, as in the great earthquake in 1816, when chim- 
ney-tops were pitched half across the street, and the top 
stones of the jail spire were twisted round off their beds. 

" The concussion at Inverness, consisted, on this occasion, 
of a mere tremor, accompanied with noise. 

" The direction of the pulsation or tremor was along the 
course of the Great Glen of Scotland, from S.W. to N.E., or 
nearly so ; and this the writer believes to have been the 
course observed by all the recent earthquakes in this quarter. 
He is also inclined to think, that it followed the course of the 
lines of granite rock which are disposed very nearly from 
S W. to N.E., in their greatest lengths. In the slight shock 
which occurred in (he thinks) November or December 1838, 
the direction of the earthquake where most strongly felt, 
was from Fort Augustus to Kingussie, a course directly op- 
posed to the general bearing of the hills and valleys ; but 
still, one proceeding through Corriarack, and a large granite 
district On the north side of Lochness, the shock in Octo- 
ber last was severely felt, especially in Glenurquhart, and at 
tlie house of Polmaily, which stands at the extremity of a 
small deposit of Serpentine rock. There, two men servants 
who were sleeping together, were awakened, and felt the 
shock so strong, that they clasped each other, and believed 
the house to be falling on them. 

" In Inverness, the windows of honsea looking to the south 
or west, rattled violently, while those on the east and north 
sides scarcely did so at all ; and parties in rooms on the ivett 
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Etde of the same house, felt the tremor more than those who 
were in the adjoining rooms, with an eaiterly exposure. 

" The noise seemed to accompany the concossioR ; and the 
writer cannot find any evidence to shew, that it eitlier follow- 
ed or preceded the shock, except the Inverness Courier, of 
30th October 1839. 

" The preceding day was thick and fo^y, with a slight 
drizzling rain— wind easterly — thermometer for same, and 
two d.iya after, from 47° to 50° Fahrenheit Barometer mas 
on 23d from 29870 inches to 29-914, the height at the shock; 
and it continued to rise for two days more, when it reached 
30578 inches. No shooting stars or other meteors were ob- 
served on the night of the 23d at Inverness- 

" The concussion seems to have been felt more in the upper 
than in the lotrer rooms of bouses. 

" The writer believes the shock tfioidd have been felt along 
the whole course of the Great Glen ; but he has not seen 
any reports of it farther west than l-'ort Augustus. (See the 
Inverness Courier of 30tb October, for several particulars). 
It was experienced along the upper portions of the rivers 
Spey, Findhorn, and Nairn, and as far eastward, in the plain 
of Moray, as Forres, and extensively in Banff and Aberdeen 
shires. Its western boundary hereabouts was Glenurqubart, 
Strathglass, and Beauty, and thence along the Black Isle 
in Ross-shire, towards Cromarty ; but neither at Avoch, 
Fortrose, or Cromarty (though all in the vicinity of granilf) 
does its presence seem to have been generally noticed by the 
inhabitants. To the north, tbb eartbuuake was felt at Con- 
non House, and other places on the river Connon ; hut not 
farther north than Dingwall, and even there very feebly. 

" This shock ^vas so slight, tliat it does not appear to have 
agitated Lochness, or any of the adjoining bodies of water. 
But this could hardly have been known, as it occurred at 
night, unless the commotion had been so great, as to have 
thrown up leaves and driftwood, above the ordinary water- 
mark, as occurred in Lochness at the time of the great Lisbon 
earthquake." 

Mr Anderson's account b confirmed by others received by 
the author from Inverness. One correspondent observes, that 
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" a few minutes after the shock and before it, there was a re^ 
markiible stillness and serenity in tlie almosphere. The wind 
tlien suddenly began to blow^ and increased to a breeze dur- 
ing tlie night." 

Another correspondent mentions, that " since the late 
earthquake, several wells and springs of water in tlie neigh- 
bourhood of Inverness have been dry. On tlio high table-land 
or elevated flat between Leys and Inverness, there was a 
number of wells which were never without three or four feet 
of water in the most sultry season, but all of which are now 
.dried up. The Rev, Mr Fyvie states, that the same has oc- 
curred in the vicinity of his residence at Rosebank." 

At Forres, in the county of Aloray, as Mr Malcoimson in- 
formed the author, " The tremor was felt between 10 and 11 
P.M. — perhaps about 25 minutes before 11 o'clock ; — and as 
at this time, some in most families were retiring to rest, it 
was less observed th^i at another time would have been the 
. case. Most of those who felt it, describe it as if the bed were 
shaken several times, and, with one exception, no person 
heard any sound, und very few could form any idea of the 
direction. Forres is built on a small rising ground of strati- 
fied sand and gravel, rising to the south east into rounded hills 
several hundred feet in height of tlie same material — the 
* drift' of Mr Murchison. At scarce two miles south, this 
tests on a spur from the gneiss hill forming the northern side 
' of the vale of Pluscarden. It was more felt in some cottages 
' on the side of the gravel liills, towards the gneiss hills of 
Rafibrt, than anywhere else, a noise being there heard by one 
lady as if of carriages ; the bedroom door burst open, and the 
vessels struek against each other. A servant's bed in the reall 
seemed to be falling to pieces. It was also a good deal felt 
about Raffort itself. It was felt at Nairn, and Mr Stables 
jun. (a geologist), felt it at Cawdor Castle, which is built on 
a rock of the ' great conglomerate,' forming the base of the 
old red sandstone, and a mile from its junction with the 
gneiss, here, as in other parts of this country, traversed T)y 
granite dikes of an age anterior to the sandstone. It was 
" slightly felt at Duffus House, in the great vale of that natne, 
15 miles N. E. of Forres (drift and alluviam on old red sand- 
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stone). It was also strongly felt at Elgin (town stands oti 
cornstone (limestone of old red), and near it, I am told, two 
China bowels containing flowers, which stood near each other, 
were broken. The following extract from a letter from Dr 
Geddea of BlackhiUs, 4f miles east of Elgin, will give you 
some particulars. 

At Amulree, about 12 miles N.N.E, of Comrie, the concus- 
sion caused a small part of an old road to sink, rendering it 
impassable. In the neighbourhood of the same place, several 
■Assures were formed, running generally N.N.E. and 8.S.W, 
One of these is described by the Kev. Mr Lament, as being 
about 200 yards long, and another about 60 yards long. These 
two fissures were about 50 yards apart, and united towards the 
south in a curve. In some places, one of them was several 
feet in width. The ground contained within the limits of 

■ these two fissures, appeared to have moved towards the north r 
— for a dyke built across this elliptic tract, in an ^st and west 

■direction, was, where intersected by the Assure, carried a few 
miles towards the north, and a portion of the dyke was throw n 
over in the same direction. 

(4.) Accounts from ZHttricti North-East of Comrie. 

At Fraserburgh, on the sea-coast of Aberdeenshire (about 

140 miles from Comrie), Mr Jameson writes that his wife was 

sitting up expecting him to return home, when " she thought 

sho heard the sound of a carriage approaching in the direction 

- ahe eipected it, viz. S. W., and consequently went to the door, 
but neither saw nor heard anything except a trifling sound like 
that of a gust of wind dying away ; felt no concussion. A 
gentleman, at Knousie, six miles south from this place, was 

' in bed, and felt a sensation as if something was pulling the 
' bed-clothes off him, and the same thing repeated after an in- 
terval of three or four seconds, when he was aeisedwitha 
kind of fear, thinking it was something extraordinary. 

" At Strichen^ 8 miles S W. from this, two young ladles bad 
retired to their rooms for the night, when, soon after, oiie 
ran into the apartment of the other in a fright, saying, wit&t 

- can be the matter, for things are moving^ -and the crocked y- 
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ware are clattering in the cupboard \ No other person in or 
abont Fraserbnrgh appears to have felt it." 

At Banchory, situated to the west of Aberdeen, and about 
80 miles from Comrie, Mr Innes of Raemoir writes, — " At the 
time of the earthquake, my daughter was an invalid, and the 
family had gone to rest. We sleep on the first floor, — our 
daughter in an adjoining bedroom towards the east. The 
wind was strong and boisterous. From a quarter to half-past 
10 I had. fallen into a slumber, when I was roused by what 
appeued a loud gust of wind, and 1 felt as if in the bedi-oom 
overhead a person had sprung with naked feet on the floor, 
and run or stamped across. While collecting my thoughts as 
to what could have caused such an occurrence, and recollect- 
ing that there was no person in the rooms above, my daughter 
rung her bell and opened her door. Her account is, that tying 
quite awake, the wiod for the moment had lulled, she heard 
aa if suddenly a heavy carriage had driven round the house, 
coming from the west and going off by the east, and her bed 
shook, and the wardrobe and all the articles in the room rattled. 
She immediatelystarted into a sitting posture, and, while think- 
ing if any carriage could have arrived, and listening atten- 
tively to any sounds, she was attracted by what seemed a peal 
of thunder, immediateljf followed by a noise overhead as if of 
a person jumping and stamping as T have described ; a dull 
noise as produced by a heavy naked foot, and simultaneously 
the bed seemed to htave, and the wardrobe and other articles 
rattled as before. She thinks that one or two minutes must 
have intervened between the two shocks, from the impresdon 
left of the thoughts which passed through her mind by the 
first before the second took place. Being alarmed, she staited 
up and rung her bell. Of the seiTants, who sleep in the lower 
part of the house, only one maid appeared to be attracted by 
it. On the bell being rung, she called to her felloH-servant 
to get up, as she had heard a carringe drive up. Wc came to 
the immiediate conclusion that it was an earthquake, and it 
very much resembled the sensation which accompanied that 
which occurred, I think, in August 1816, and which I felt in this 
neighbourhood. All the ground round here is on granite. Tl^e 
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hilt behind is composed entirely of a mass of red granite, and 
the foundations of the house cannot be many feet, on a bed of 
clay raised above the granite. My daughter says that she 
cannot assign any particular duration to the noise and tie- 
moT, but ehe thinks it could not have exceeded a few seconds, 
and the tremor on the second occasion seemed to follow 
within a second or two vrhat she speaks of as like a peal of 
thunder." 

Dr Adams of Banchory states, that in his neighbourhood the 
shock was accompanied %vith a sound, — that the shock or con* 
cussion lasted for 2" or 3", and that the sound continued some- 
what longer. " The inmates of Bvichory Lodge felt as if the 
floor was raised at one end and depressed at the other. All 
agree, that the concussion and noise came from the westward 
and passed off by the east. One person who felt the shock 
distinctly while lying in bed, describes it to me as a tremor or 
vibration : but all the others felt or fancied that they were 
rocked or lifted up. There seems no doubt as to the fact, that 
the shock was most felt in the upper parts of houses. 

" I have not been able to arrive at any certain conclusion 
whether the shock was felt more in bouses founded on rock 
than on those built upon sand. It was felt equally strong at 
Finzean, which is built upon rock, and at Mill of Clinter in 
the same locality, which is founded upon sand : at Baemor, 
which is built upon rock, and at Banchory Lodge, which is 
founded on sand. The general structure of the rocks on Dec- 
side is granite. The limestone-districts are so limited in ex- 
tent that it is impossible to arrive at any certain conclusion 
whether the shock wa£ felt with more or less severity in them 
tlian in other places. It was distinctly felt in the limestone- 
district of Tilwhilly in this parish." 

At Finzean, a little to the west of Banchory, Mrs Farquhar- 
son, at lO*" SC, felt distinctly " one shock or concussion which 
lasted about 2". followed by a low rumbling noise which con- 
tinued about i". The noise was in the earth. I was sitting 
by the fire, reading, when I felt the shock. My chair seemed 
to sway as from the motion of a ship on a, wave of the sea. I 
called to Mr Farqubarson, who had Just gone to bed ' what is 
that ?' He answered, * I do not know, — but the bed is shaking 
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under me ;' and immediately added, ' It is an earthquake;' 
The South-west part of the house seemed to be 6rst struck, 
and I felt myself swayed frotn the south to the north, — in 
"which direction also the sliock and noise seemed to travel." 

■ At the Manse of ^boyne, which Is built on sand, the shock 
was, as the Hev. Mr Milne Miller reports, "preceded by a 
"rushing noise not unlike that produced by the rolling of a vio- 
lent wave on a very pebbly shore : noise heard several seconds 
before shock was felt. And it is worthy of remark, that I 

"thouffht the noise came rushing from the west till the instatit 
"the shock was felt, and it then gradually died away toward the 
east. 

" At the instant of the shock a noise (in addition to the 
rushing noise) heard in room above the one I was sitting in, 
like that produced by a person walking heavily on the floor, or 
perhaps dragging a heavy body along floor. I remarked the 
same in 1816. 

" Manse shook or rather rocked a little ; roof creaked as 
if a rafter had been giving way. Several tin covers in my 
kitchen continued to vibrate or rattle against wooden parti- 
tion on which they were hanging for some seconds after the 

■ shock. West gable of manse appeared to be first and most 

■ affected. I infer (in addition to my own feelings at the time) 
that the shock was from the west in regard that the tin covers 
rattled on partition, whith is in a meridian position ; for had 

"partition extended in same direction as course of shock, any- 
thing hanging on it would not so likely have rattled against it. 
I felt as if chair had been suddenly lifted up under me, and 

■ then rocked a little from west to east. I should say the late 
earthquake was of longer duration, but of duller sound and 
motion, than the one I felt at Fort Geoi^e in 1816." 

A farmer on Deeside, about 33 miles west of Aberdeen, 
when lying in bed heard the slates on the roof of his house 
rattle. 

At Aberdeen, as Professor Gruickshanks writes, the shock 
and noise were slightly felt. No ship or boat in the barbour 
was moved, nor were the instruments in the observatory af- 
fected- There was no displacement of furniture, but much 
' rattling' of glasses and stoneware. 
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- At Blair Ooterie, and in the glens of the Shee and the 
Airdle, sitaated in the mica and clay slate formations, about 
fcrty miles N.E. of Comrie, the effects of the shock are thus 
described by the same correspondent, whose account of the 
shock felt on the 12th October has already been given. He 
•says,-^" This shock was much more severe, and was very sen- 
sibly felt in this town and neighbourhood, am! very strongly 
in Qlenshee and Strathardle. In this town and its vicinity, 
the shock was preceded by a sound similar to that iilready de- 
scribed, which was immediately followed by a tremor or vi- 
bration of the earth, making the furniture rattle and tremble ; 
and, in one or two instances, forcing open doors that were 
partly shut. According to some, the floors of the houses were 
ftlt distinctly to heave like a wave, and afterwards to tromO/c 
violently for Some seconds. In my own case, the feeling was 
as if a strong gust of wind had suddenly swept over the house 
-with a hollow sound, making the doors and windows rattle. 

" In the valleys of Glenshee and Strathardle, as already 
mentioned, the concussion was felt much more violently, more 

■ especially in the former, where several persons were awakened 
from their sleep by the motion, and felt very mueh alarmed. 
Some who happened to be standing outside the houses, and 
close to the walla, felt as if the houses would fall to the ground. 

- The person already mentioned, who felt the former shock in 
the hill, stjttes that he felt his bed as it were lifted up from 

■ the west or north-west, and let down again, like a boat by a 
wave, and immediately afterwards the plates and other furni- 
ture rattled strongly. Another person, who happened to be 
sitting with his back to a wall, which raii in a direction from 
north to south, felt it incline over from the west, and rose in 
great alarm, under the idea that it would immediately fall. 
At the Spittal of Glenshee, and also at Kirkmichael in Strath- 
ardle, the concussion was very strongly felt, and in the same 
manner. The most general opinion seems to be that the neiie 

■ accompanying the concussion proceeded from above. The 
sound continued for about half a minute, and the tremor nearly 
a minute. The shock occurred about 20 minutes past 10 p.u. 
Two other shocks were subsequently felt, one about 11 on the 
same evening, and -the other about 2 o'clodi next morning. 
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bat they were very slight compared with the one already de- 
Bcribed. 

" For some weeks previous to the occmrence of the earth- 
quake the weather had been wet and rainy to a most unpre- 
cedented degree ; and during the day, on the ereniog of which 
the most severe concussion was felt (33d October) it rained 
incessantly, and with great violence. There was a pretty 
strong breeze of wind from the east, and the eastern horizon 
presented a dall reddish appearance during the whole evening. 
During the night, also, the river fell n^idly several feet below 
the level it had reached in the afternoon of the 23d, notwith- 
standing the continuance of the rain.'* 
(To be contintted.) 

On tAe Succeition and Development of Oryanwd £ginffi at tie 
Surface of the Terrettricd Globe ; heing a Ditcoune delivered 
at the Inat/guration of tie Academy of NeuiA&tel. By Pro- 
fessor Louis Agnssiz.* 

GeNTLKyEH, — The important event which has called us to- 
gether, seems to indicate to me in some measure the nature 
of the subject which I oaght to select for discns«on, in ad- 
dressing you for the first time as Professw of our infant 
Academy. It is with all public institutions, as with human 
life, in the course of which certain epochs are more promi- 
nently marked than others, and seem to call us to more se- 
rious reflections. Nature also has her important epochs, and 
I think that the appearance, the development, and the disap- 
pearance of organised beings at the surface of the terrestrial 
globe, merit more particularly being considered under this 
point of view. The scientific results to which my researches 
on this subject have conducted me, will not, I hope, be with- 
out a corresponding parallel as regards the establishment for 
the higher kind of public instruction which our Prince, in 
.^is solicitude for the intellectual development of our country, 
has instituted among us. 

At the present time, one great thought prevuls in natural 
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historical studies, and divides those who have reflected on the . 
facts established by obserTation ; this is the investigation of 
the origin of living beings, and of the connection which has 
existed between them at all the epochs of change through 
which the earth has passed. Of what nature is this connec- 
tion \ What opinion are we to form in regard to those con- 
stantly recurring discussions on the succession of Hving beings, 
on the links which unite them, on the gaps which it is pre- 
tended exist among them, on their similarity, and on their ap- 
pearance at different periods ? 

There was a time when the earth was uninhabited ; and there 
is therefore in its history an epoch when life manifested itself 
forthe first timeon its surf ace, by producinga diversity of animal 
and vegetable forms, quite different from those which we see 
existing and reproducing themselves under our eyes. Further, 
the different types of animals and of vegetables have under- 
gone notable transformations in the various pliases of the his- 
tCHry of the earth, transformations which separate us from that 
first appearance of living beings to such an extent, that at each 
of the great geological epochs the animals and plants have been 
very difi^erent frqm what they were at other times. These 
results have been obtitioed by science, through tlie exei'tions 
of geologists ; and if the whole of antiquity is not to bu 
doubted, it b plain, that the ancient philosophers, in order to 
construct the world, rather interrogated the secrets of human 
nature, than the external nature which surrounded them. 
And yet how many cosmogonies exist t All nations have 
their own, and all have converted them into religious dogmas. 
Without pausing to examine doctrines as contradictory as 
they are superficial, let us see what we are taught by facts la- 
boriously collected during the last few centuries. 

Wherever the hand of man has opened up the bowels of 
the earth, wherever changes at the surface have exposed the 
deeply-seated layers of its crust, wherever time has fractured 
its solid masses, the observing eye discovers traces of beings -' 
which no longer exist ; here there are the debris of mammi- 
fera, or reptiles, whose forms are as colossal as they are 
strange ; there the whole rocky mass seems composed of the 
debris of microscopic animalcules, which escape even the most 
practised eye. Far from the coasts of the sea»/bedtof , 
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oysters, and the holes bored by pboUdes on the flanks of 
tnouQtains, seem to indicate ancient sltores. In other locali- 
ties, numerous remains of fishes, and immense banke of 401^ 
lying in their natural position, compel us to admit that our 
solid lands have formerly been submerged, and that tbe beds 
composing our loftiest mountains occupied the bottom of the 
sea, before they elevated their daring summits to the sky. 

At first sight nothing but confusion appears in these masses 
of debris; and, like Cuvier, we are tempted to compare them 
to an immense overthrown cemetery, so many members of 
various animals being mixed together pell-mell. But just as 
the antiquary has been able, by dint of assiduous study, to re- 
cognize, in the ruined monuments of ancient nations, evident 
tiaccs of several distinct civilizations, of wliich written histo- 
ry makes no mention ; so, in like manner, it was reserved for 
modern science to lay hold of the impress of the different 
epochs which have succeeded each other at the surface of the 
globe. This impress once recognized, investigation ne- 
cessarily led to much more precise results, inasmuch as the 
laws of nature are not subjected to those veerings which, in 
the history of nations, betray every moment hnman incon- 
stancy. It is thus that a comparative examination has taught 
geologists to recognize, in the midst of the greatest derange- 
ments, the order of succession of all the leaves of which the 
crust of the earth is composed ; and if, in this immense book, 
there are still some obscure passages among these leaves, in- 
quirers have not been the less successful in ascertaining the 
exact connection which exists between the different ages of 
the eartJi. With such results before us, we are no longer per- 
mitted to adopt an opinion on the history of creation, which 
does not take tiiese data into account. 

Before discussing the connection of the phenomena to which 
I have just alluded, and before searching for its import, let 
me bo permitted to analyze them briefly, restricting myself 
to the facts relative to the animal kingdom, with which I am 
more specially occupied. When we study the remains of or- 
ganized beings which we find buried in the beds composing 
the earth's crust, we are soon struck at finding that the order 
in which they succeed one another, from above downwards, 
and from below upwards, does not at all harmomze with the 
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systems taught, and which formerly represented tlie wbole of 
these organized beings b6 farming a graduated scries, rising 
without intemiption from beings the most imperfect to man, 
who now reigns supreme on the earth; nor yet with that 
other opinion which, denying all succession, sees nothing in 
the whole of creation but a variegated assemblage of diverse 
forms, which is to be traced to one and the same epoch, and 
has no other connecting bond but that of a common existence. 
Facts equally contradict these two systems, to which all the 
others may be referred, and of which they are merely varied 
commentaries. 

The most prominent result to which paleontolo^cal studies 
have conducted us, consists in the demonstration of a series of 
epochs independent of one another, in limits more or leas ex 
tended, during which living beinj^s have been different. (By 
an independent epoch I mean a lapse of time during which 
organized beings presented the same characters, increasing and 
multiplying by means of generation, and presenting a spectacle 
analogous to that which we now see every day at the surface 
of the globe, where numerous very various species live inixed 
togetlier, and propagate within determinate limits, without 
undei^ing any notable alteration.) These different epochs 
ought to be regarded as independent of one another, because 
the differences presented by the debris of organized beings 
which characterize them do not correspond, in their na- 
ture and their intensity, with the modifications which beings 
now living undergo, in consequence of the influence of time, 
of climate, and of domesticity. Let us select as an exam- 
ple, an epoch when no reptiles yet existed. Is there any 
one familiar with the laws of physiology, who will affirm 
that the tirst reptile which lived on the earth descended 
by means of generation, or in any other manner, from any 
one of the fishes which existed anteriorly'' And, continu- 
ing the same reasoning with regard to the mammlfera and to 
birds, is it possible to regard them as descending from rep- 
tiles ? Or such and such a family of carnivorous mammifera, 
of a more recent period, as descending from some more ancient 
family of herhivora P Such questions, at the present day, 
carry with them their own answers; and the objections drawn 
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from the differences observed between the diflferent races of 
domestic auimals, cannot in any way weaken the general prin- 
ciple of the fixity of species. For, to place in the same line, 
phenomena so different as that of the succession of different 
species, genera, families, and classes, and the partial and in- 
constant modifications to which, under the influence of man, 
certain animals which he has attached to himself, and certain 
cultivated plants, have been subjected, is at once to declare 
incompetency to discuss questions of this nature. 

But because the organized beings of these different ages of 
nature have not a genetic bond of connection of the nature of 
a successive sexual procreation, we must not hence conclude 
that they are not members of one same plan, and that they 
ate not linked together by bonds of a more elevated descrip- 
tion, as we shall afterwards find to be the case. 

The only real difficulty on this point which remains to be 
solved, is tbe rigorous determination [of the limits of all 
these great epochs ; fi>r in proportion as the investigation 
of fossils acquires more precision, the number of these dis- 
tinct epochs seems to increase. It is already ascertained 
that the oldest formations, as far as, and including tbe coal 
deposits, are characterised by a particular order of things. 
In the more recent formations from the grH bigarris i^ to the 
chalk, a second great epoch has been recognised, differ- ' 
ing as much from the first as from the tertiary epoch that suc- 
ceeded it, the latter terminating before the present creation, 
to which belong man and his contemporaries. These four 
great epochs, that may be called the ages of nature, are sub- 
divided into distinct periods, which are equally characterised 
by several peculiar features. 

If it were allowed me to enter into some more circumstan- 
tial details, I would add, that those who believe that during 
the first epoch there existed only animals of an inferior or- 
ganization, are strangely deceived. Far from that, from the 
earliest period, the four types of the animal kingdom have 
been represented at tlie surface of the globe : the Radiata, 
MoUusca, Articulata, and Vertebrata appeared simultaneously 
as the first inhabitants of the earth ; andat each of the following 
epochs, new types of these same great groups reappeared in 
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a difiierent assemblage. Nevertheless, notwithstanding this 
unity in the general plan, the greatest diversity prevails in its 
development: the vertebrata of the iirst epoch are iishes, and 
fishes only, associated with Articulata, with MoUusca, and 
with Radiata, of species di£Feringfrom those which presented 
themselves afterwards. Thus we may regard this first age 
as characterised hy the reign offithet. 

During the secondary epoch, it was no longer the inhabi- 
tants of water which alone peopled the submerged surface of 
the earth ; the class of reptiles appeared with a cortege of 
Arttcniata, of Mollusca, and of Radiata unknown in the pre- 
ceding age, and the iishes of this second great epoch assumed 
a character which those of the first did not at all possess. 
Strange monsters, of fantastic form, and of gigantic size, bring- 
ing to our minds the fabulous dragons and h&rpies, then 
peopled the sea and the earth ; and although some beings of 
a superior organization had already begun to shew themselves, 
the epoch of the secondary formations may be characterized 
as the reign of reptiles. 

At the same time a vegetation, of which none of the various 
ioras of our epoch can give us a just idea, was developed 
during that remote period. 

If we pass to the examination of the tertiary formations, the 
scene at once changes. Numerous mammifera, heavy pachy- 
dermata, ruminants of colossal forms, singular cetacea, and 
birds, besides reptiles and fishes more and more resembling 
those which live at the present day, without, however, being 
identical with them, form the varied fauna of this epoch. A 
rich vegetation was distributed over a more diversified sur- 
face, but was still shared unequally by the solid land and the 
ocean- The climate was more varied than formerly. This 
was the reign of the mammifera. 

Corresponding with these changes in the nature of organ- 
ised beings, others took place in the aspect of the surface of 
our globe. Every thing leads us to believe that after the 
consolidation of a first crust, when the waters had begun 
to accumulate at its surface, our earth did not at all exhibit 
in its relief the inequalities which we now see. It is, in fact, 
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prored, that the different chuiis of moiintams were el^viAed 
■nccvsairaly ; so that at different epochs, the boutidariea of the 
wAiA land aod the ocean must have presented diOerent com- 
binations. It is also ascertained that in the most ancient pe- 
riods, the water occupied a much larger extent of the surface 
than at present ; inasmnch asthe most ancient beds in which 
fossils are foimd, contain traces of [^uatic animals and plants 
only; wbereaswe afterwards meetwith immense accumulations 
of debris of plants indicating a terrestrial flora. These ar^ the 
plants which are converted into coal. The appearance of ter- 
restrial animals is still more recent ; fm- it does not seem to 
reach a more remote period than the earliest portion of the 
secondary epoch ; and it is only much later, towards the ter- 
mination of the cretaceous epoch, and during the tertiary 
epoch, that the solid land appears to have acquired sufficient 
extent, and to have presented differences of level sufficiently 
great, to admit of the formation of fresh-water lakes. | 

A very remarkable, and perhaps the most surprising fact, 
is, that the appearance of the cliains of mountains, and the 
inequalities of the surface resulting from it, seem to have coin- 
cided generally with the epochs of the renewal of organised 
beings. Hence, what can be more natm-al than to suppose 
that the great diversity of cspect presented by the earth, in 
consequence of all these changes, was calculated to present to 
man the most varied conditions of development ? This opinion 
appears, in some measure, confinnedby the history of the hu- 
man race, which exhibits to us the development of the most 
perfect civilization on continents of the greatest diversity of 
surface, whereas the least intelligent races generally inhabit 
the monotonous and uniform regions. 

Up to the termination of the tertiary epoch, the law of de- 
struction was paramount. Man did not then exist. Before 
Iiis appearance, the earth had once more to undergo dreadful 
convulsions, which produced the elevation of the greatest 
chains of mountains. It was only after this last revolution ' 
that he was called into existence, along with all the beings 
which now live with him ou the earth ; and thenceforward we 
find unfolding itself that long history of our race, imponng 
the laws of its intelligence on the whole of nature. For the 
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first time a sort of privileged being ruled over nature, and 
advanced to greater perfection hy divesting himself of the ani- 
mal character which connected him with other creatures, in 
order to emancipate those intellectual and moral facalties, 
which recall in him the image of his Creator. 

It evidently results irom the whole of the facts, and from 
their connection, that, notwithstanding the apparent inde- 
pendence of these great epochs, notwithstanding the absence 
of genealogical connection in the different species which cha- 
racterize each of them, the order of their succession presents 
a plan in which they are closely linked together. We see, ib 
fact, that to the reign of fishes succeeded the reign of reptiles ; 
to the latter the reign of the mammifera ; and in the last 
place only, the reign of man. But these three classes of ani< 
mals exhibit in their succession a progressive gradation of or- 
ganization, as we shall presently find. Abstracting all geolo' 
gical ideas, and apart from all connection with the epoch of 
their appearance on the earth, the class of fishes has always 
. been regarded by naturalists as inferior to the three other 
classes of the vertebrata. The form of their body, the ab< 
sence of distinction between the head and the other parts of 
the body, the imperfection of their locomotive members, 
which are only balancing organs, destined to maintain their 
equilibrium, while the entire mass of the body contributes to 
moke them progress ; the existence of branchiae in place of 
lungs, as a respiratory organ ; the simple circulation of their 
blood ; the .remote relations of the sexes ; the small degree of 
intensity of their sensations ; the imperfection of the organs 
of sense ; the smallness of the brain ; and their obtuse Intel- 
lectual faculties — everything in their organization has assigned 
them a rank which no one has proposed to elevate. Bnt bow- 
ever inferior their organization, and though they occupy the 
Ipwest rank in the class of the vertebrata, they are so much 
the more interesting to the observing naturalist ; for they are 
the point of departure of a graduated series which commences 
with them and by them, to terminate in man himself. 

I should transgress the limits I have traced out for myself, 
tvere I to undertake to prove that the class of reptiles is in- 
teimediate between that of fishes and those of birds aail the 
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maouoaiferR, bdcI that these last approach rery nearly to iniin 
in their organization ; so that, regarded aa a whole, these four 
dashes seem to be the successive degrees in the manifesta- 
tion of the type of the vertcbrata. 

Invertebrate animak do not appear to be subjected to the 
same laws of developement as vertebrate animals. For, what 
superiority can we assign to the Vermes, which form a part of 
the Articulata, over the Cephalopods, which belong to the 
Mollosca \ and on what grounds can we place the Acepbala 
above the Echinoderraata, which arenevertheless tnieRadiata \ 
The truth is, that the existence of the Invertebrata cannot be 
referred to the same principle which is manifested in the de- 
velopment of the Vertebrate, which latter are undoubtedly 
linked with the existence of man. Ascending to the epoch of 
the first appearance of fishes, we find that the Radiata, the 
MoUusca, and the Articulata, have pursued a series of meta- 
morphoses, which has not at all elevated them to higher types. 
The corals of the most ancient formations are analogous to 
those of our stas. The Echinodermata go back equally far ; 
and if we notice the important modifications in their relations 
with the surface, and in the distribution of their families in 
the difierent geological epochs, we find no indication of their 
jj^uetic connection with the other classes. The same is the 
case in the three classes of MoUusca ; the Acepbala of the 
early periods are, it is true, less free, their symmetry is not 
marked in so decided a manner on the sides of the longitudi- 
nal axis of the animal, the anterior and posterior regions of 
the hody are not so clearly defined, the variety of species, 
genera, and families, is less considerable than in more recent 
epochs ; but, notwithstanding all that, they advance in a 
parallel line with the Gasteropods and the Cephalopods, whicli 
have at no period been subjected to a greater amount of mo- 
dificatJons. With regard to the Articulata we may make the 
same observation, notwithstanding the imperfection of our in- 
formation respecting the fossil species of that division. The 
Crustacea, which are placed at the head, have not by any 
meansheen preceded by the insects and the Vermes ; any more 
than the Cephalopods have been by the Gasteropods and the 
Aeephala, and the Echinodermata by the Medusse and Polypi. 
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Nothing is more worthy of onr attention tlian thfe simulta- 
neous appearance of the nine classes of invertebrate animals, 
and we can only understand it by regarding these animils *s 
manifestations of particular tendencies of life, the principle 
of which goes back as far as that which is displayed in the 
appearance of vertebrate animals. But bow great is the 
difference in the ease of the latter ! Of these there are only 
four classes, and these classes made their appearance succes- 
sively at the periods and in the order of their organic grada- 
tion. There is here a real progress in the manifestation of 
the organic characters which successively appeared, according 
as at each epoch a new and higher class became detached from 
the first trunk, white creation was approaching its termination. 
In regarding the whole animal kingdom in this point of 
view, we cannot fail to recognise a premeditated plan, con- 
nected together in all its parts. The idea of a superior in- 
telligence, independent of creation, and which from the earliest 
time fixed its phases, at once presents itself. It would be 
impossible reasonably to attribute such a linking together m 
the epochs of creation to a power unconscious in itself, acting 
without rule, or according to immutable laws. A more power- 
ful intervention than the organic forces of nature, reveals 
itself to our intelligence in this succession of living beings en- 
dowed with a temporary stability, and giving place, after hav- 
ing existed without modifications during a given time, to otheir 
beings whose duration was to be equally transient. To what- 
ever influences recourse may be had as regards the finished 
world, we cannot conceive of the sportmeous formation of 
living beings by the sole action, or by the combination, of pby- ' 
sical forces. But here we must at the outset make a ^istinc- - 
tion between the establishment of the order of things which 
has regulated the whole of nature firom the commencement, 
and has been maintained througbout all time, and the par- 
ticular acts of creative will, which have only operated for the 
establishment of particular portions forming part of the gene- 
ral plan and in some measure only its consequence. The time 
is therefore arrived when science likewise can recognise in 
nature God the Creator, the Author of all things, as he wa^ 
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given to man to be reci^ised in IiU own lieart when he re- 
jected upon himself. 

Dut here the task which the naturalist ought to impose on 
himself by no means terminates. If it is an obligation on 
science to proclaim the intervention of a divine power in the 
development of the whole of nature, and if it is to 'hatpowet 
alone that we must ascribe all things, it is not the less incum- 
bent on science to ascertain what is the influence which physical 
forces, left to themselves, exercise in all natural phenomena, and 
what is the part of direct action which we must attribute to the 
Supreme Being in the revolutions to which nature has been sub- 
jected. For a long period moralists have been endeavouring 
to trace the limits of human responsibility, and to fix the de- 
gree of liberty which is devolved on man by his nature. It 
is now time for naturalists to occupy themselves likewise, in 
their domain, in inquiring within what limits we can recog- 
nise the traces of a divine interposition, and within what 
limits the phenomena takes place in consequence of a state 
of things immutably establbhed from the beginning of crea- 
tion. 

Let me endeavour to give more precision to what I mean. 
If the couree of the stars does not present to us any variation, 
if the order of the seasons is immutable, if the reproduction 
of species always takes place in the same manner, it is evident 
that the cause of these phenomena is regulated in an unvary- 
ing manner, and follows natural laws, independent of the 
creative will which established them. But if, on the other 
hand, we see in the beds of the crust of the globe a succession 
of organised beings such as no longer makes its appearance, 
and such as man has never seen appearing, such, in fine, as 
our intelligence cannot conceive appearing spontaneously 
under the simple influence of the forces of nature, we must 
attribute its creation to a Supreme Intelligence, which has 
regulated from the beginning of time the order of the world. 
' Let it not be said that it is not given to man to sound these 
depths : the knowledge be has acquired of so many hidden 
mysteries in past ages promises more and more extended 
l^vektions. It i» an error to which the mind, from a natural 
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Inclination to indolence, allows itself too easily to incline, to 
believe impossible what would take somo trouble to investi- 
gate. We generally rather prefer imposing limils to our 
faculties, than increasing their range by their exercise ; and tlie 
iiistory of tbesclences is present to tell us, that there are few of 
the great truths now recognised, which have not been treated 
«E chimerical and blasphemous, before they were demonstrated. 
I now pause, in order that I may not digress from my sub- 
ject, and I terminate tlm discourse by briefly recalling the 
points on which I have insbted. The earth has its hbtory, 
fi history as rich in great events as it is long to narrate, and of 
which geology is now successfully collecting all the details. 
But the facts whose certainty is generally recognised, have 
^0 their instruction for us. The history of the earth pro- 
.claims its Creator. It tells us that the object and the term 
of creation is man. He is announced in nature from the first 
appearance of organised beings ; and each important modifica- 
tion in the whole series of these beings is a step towards the 
'definitive term of the development of organic life. It only 
remains for us to hope fora complete manifestation in our epoch 
of the intellectual development which is allowed to human 
nature. May the establishment whose inauguration has this 
day assembled us, be one day reckoned among those institu- 
tions which E^all have contributed to this great object ! 



Account of Obtertations recently made on the Gheier of the Aar. 
By Professor Agassiz. 

M. AaiSBfz baa addniBsed a letter to the French Academy of ScienceK, 
dated from tbe flaclcr of tlic Aar, 1st August 1842, in which we find tiie 
foliowing details : — " For sixty bourSj it has not ceased snowing licie. 

. The temperature of the air haa not risen above + 1 C {Sff'S F.) for two 
days, and at night it has been at — ' i" (24°.B P.). Tbe snow is estrcuicly 

. fine and incoherent ; and it falls, for the most part, in the form of a light 
duatj compeaed of \ety small needles very irregulaily aggregated, and rc- 
maining for a long time suspended in the air before tbej foil to tbe earth. 
This obaervation invalidates the asseition, so often repeated, tbat the 
nivi in the high regions &Llla in the granular form which characterizes it. 
Since I began to visit the Alps," adds M, Agassiz, " I have often seen 
Buow ^11 in the tnonthfl of Jaly, August, and September, at heights of 
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7000. or 8000, feet; aod.I have frequently examined it Bhortly&flM iU 
f&U, at beigiits of 9000 feet and mote. But I have neTer seen it M\ io th« 
fonnof D^T^; the mow waBBlnafsinfliikeB when tlie temperature wsi not 
under 0" (32° F.) ai the (urfiice of the glacier, and powdery when the eold 
was greater. 

' " Another phenomenon which has struck me in theec loftj r^ions, is the 
brightness of the nigfats when the sky is cloudj, and even when it snows 
or rains. During such weather, we can always distinctly see the honr on 
our watches at any time of the night ; whereas, the obscurity is much 
greater when the sky is serene. This apparent anomaly recalls the obscf- 
▼ations of M. Arago on the light of clouds," 

M. Agassii then oolices his observations relative to the glacier itself; 
and first of all as to its progressive movemenL It would appear thattli« 
movement is much greater at the centre than at the edges ; at least, since 
last year, the centre has advanced 269 feet, the south edge 160, and die 
north edge ISfi feet only.* The ablation of the surface, resulting from the 
uiel^gand the evaporation, has also been more considerable at the centre 
than at the edges, contrary to what theory would lead ns to suppose: 
From the beginning of September last year to the 20th July this year, the 
ablation in the centre has been 6 Eect 6 inches, and that at the edge 
4 feet 4 inches, ivithout, however, the absolute level of the surface being 
changed in an appreciable manner, M. Agassii has likewise noticed, 
that crevaue* are more frequent and ^rider at (he edges, espectaUy at 
places where Uttle promontories present an obstacle to the ptogtessive 
movement of the glacier, — than towards the centre and along unifonB 
walhi, 

M. Agagsiz quotes many (acts, which seein to him to prove that the 
crevasses generally do not traverse the glacier, as is supposed ; and that 
the water which accumulates there runs off, by being infiltrated into the 
ice. . In order to place this infiltration beyond a doubt, M, Agassis lately 
performed an experiment on a huge scale. In a mass of ice included 
between two great crevasses with very smooth sides, of a deep blue 
colour and extremely compact, he caused to be oicavated a horixontaj 
gallery, 4feet high by 3 feet ivide and 8 feet long. At the surface of the 
glacier, above the gallery, he bored a vertical hole 5 feet deep, into which 
he emptied five litres of concentrated tincture of logwood. In half an 
hour the liquid had all escaped, and, two hours afterwards, it exuded 
through the capQIaty fissures along the roof of the gallery, having pene- 
trated a mass of ice of 20 feet. The colour, moreover, extended to the 
walla of the crevasses, and penetrated below the roof to nnknovm depths. 
M. Agassiz has repeated the same eiperiment a great many times, on a 
small scale, at different parts of the glacier, and has every where found 
that the inSltradon is much more rapid in the blue than in the white ice ; 
whieh latter becomes coloured very slowly. An important observation 

-. .•'6«a tldi Number efJour>sl;f>S73. 
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ia, tlat tbe liquid in not distributed anifonnljr tlirougb tbe vhole massi 
but <»ily ioflltntet through the c&pil1iT7 fissuTes. 

In (ttanining in det&ll the itmctute of the ice, M. Agassis iLoticod, 
ronDd 'i^e bubbles of ui it tontaiiui, bobbles of vrater of various forms, 
which can ooly be distinguished in certain poBitiona opposite the light. 
Tbe presence of this liquid water round bubbles of air in great masses of 
ice if a verf cxtraordmaTf fact, and is considered by M. Agassii as a 
phenomenon of diafAcrmanrie, tbe more especially as these babbles be- 
come Urger and more distinct when the ice has been for a long time ex- 
' posed to the air. 

M. Agassiz was anxious to know exactly the quantity of oir contained 
in the various modificatiouB of the ice of the glacier. M. Nicolet took 
charge of the experiment, and obtained tbe following mean results :— • 

£00 grammes of snow paemng into neve, 32 cnbie ccndro^trei of air. 

ice formed under that snow, 0.9 

white ice, . , , 1A 

Hue ice, . . . 0.6 

blue ice of the gallery, O.fl 

H. Aganiz has ascertained, that the nocturnal radiation of the ice is 
very considerable. It ia only in stormy and snowy nights that ilie thenno- 
metrographa placed at the surface of tbe glacier and of the niorsme &a not 
differ in their indications, whereas in clear nights the thenuometer always 
descends 1 or 2 degrees cent', lower on the glacier than on the moraine. 
M. Hugi asserted, that the temperature of the moraine is always much 
lower than that of the glacier; observations contioaed for three weeks 
have proved the contrary. 

It has been long said, that the ice of the interior of the glacier is com- 
pletdy free from earthy matter, because it rejects every thing which fella 
into its crevasses. This assertion is by no means correct, as the followbg 
will show : M. Agaasii melted a quantity of ice raised &om a depth of 20 
feet under tbe snr&ce of the glacier, and which yielded 27 litres of water; 
and he found that it contained 64 gnunmei of fine sand. Proceeding on 
tlie^e data, we may calculate approiimatively the amount of sand con- 
tuned in the glacier of the Aar (whose ice seems extremely pure), at the 
enormous quantity of 2,C60,000 kilogrammes. 

The mode of disaggr^ation of the ice at tbe surfiice of the glacier lias 
also been the oliiject of continued observation. In proportion as the at- 
mosphere acts on the glacier, after the melting of the snows of the cold 
season, which disappear completely in May and June, the ice becomes 
porous, hut does not decompose uniformly. At first it is generally white, 
wherever there is no accumulation of fragments of rock and of dust to pro- 
tect it from the action of the sun ; but in proportion as it irobibea the water of 
the summer runs, its tint becomes more and more blue. These dlB^rences 
of colour are maintained at all parU of the glacier where the fonn of the 
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surface causes constant currents of water during the day, or at least a laigtl 
supply of water after heavy rain*. This contrast is particularly striking 
when a violent fall of r^n occurs after a succession of several fine days ; 
the glacier, which was rendered white by ths warm days, then becomes 
at once distinctly blue. When the heat continnes for a long time, the 
whole surface becomes disaggccgatei] in various ways ; the white bands 
assume the aspect of a granular snow, perfectly similar to thenevf, where- 
as the blue bands are decomposed into angular fragments, and the par- 
lions which consist of intimately blended blue and white ice assume a 
structure similar to that of pumice. Another efiect of the superficial de- 
composition of the ice, is the disjunctinn of the blue and white bands, 
between which are formed Tery elongated longitudinal fissures, that 
penetrate more or loss deeply. These fissures frequently givft rise to dis- 
locations resembling parallel &ults ; the whole glacier sometimes ac- 
ijuires, in consequence of these dislocations, the appearance of a great 
book placed on its bad, and so fkr opened as to cause the leaves to slide 
on one another. 

M. Agassiz next speaks of a curious phenomenon wlilch came under 
his observation. At lialf-past four in the evening the workmen Were 
boring, when the glacier began to crack under their fi^ct, and to disen- 
gage a laigc quantity of air-bubbles. Crevices of some lines in breadth 
soon presented thcrasehes at the KUrfeee. After the lapse of some mi- 
outes a crack was iicard, resembling simultaneous delonadons of fire^ 
arms in platoon firing, accompanied by single reports, and commotions 
similar to those caused by an earthquake. The glacier really trembled. 
A little afterwards, about seven o'clock, the bore, which was 130 feet 
■in depth and 6 inches in diameter, and full of water, was emptied in 
a few minutes — a fact proving that tliese crevices, although very nar^ 
-TOW, penetrated to great depths. At half-past eight the shocks still con- 
tinned, and Uiey were heard during the night. M. Agassiz counted a 
dozen of cicvices, of which the largest was about an inch and a-half 
wide. A drcumstance worthy of notice is, that they all succeeded each 
other from above downwards, following the slope of the glacier. 

With the viewing of obtaining information regarding the temperature 
-of Uie glacier during winter, M. Agassis had last autumn introduced two 
'<rf Bunten's thermometrogiapha into borea of 12 and 24 feet in depth. 
(Sec this Number of the Journal, p. 277.) But notwithstanding the pre- 
cautions which had been taken, the one already brought up has not af- 
forded a correct result. It was hoped that the other would be extracted 
by means of a current of vrater. 

In eonclunon, M. Agassii announeee the return of MM. Desor and 
.Etcher de la Linth from a successftil ascent of the Schreckhom, whose 
summit rises to the height of 4062 metres, and had not previously been 
leached. The hygrometer indicated 43 at 4- 4". C'iS9*. 2 F.) — {L'ltt- 
ttitul, Xo. 46»). ■ 
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Pbooikdikob or the Uotal Scottish Society of Akts, 
Session 1841-42. 

Thb Annual General Meeting of the Society was held in 
;he Royal Institution, on Monday, 8th November 1841, — 
Andrew Fyfe, M.D., F.R.S.E., President, in the Chair. 

Before proceeding to the business of the evening, Dr Fyfe 
addressed the Members. He congrattilnted them on having, 
through the esertions of their Secretary, obfained a Royul 
Charter of Incorporation, and that in future the Society is to 
liear the title of " The Royal Scottish Society of Arts." 
During the three Sessions preceding that at which be was 
called to the Chair, the number of entrants amounted on an 
average to 45 per annum. In the last Session the number 
was 3& ; while, at the same time, numerous communications 
were presented, some of them of great importance, not only 
in a scientific, but also in a prsotical point of view, as was 
shewn by the printed Report of the Prize Committee, in which 
it would be seen that a greater number of Premiums are this 
year awarded than during any former Session. 

Dr Fyfe afterwards alluded to the loss the Society had sus- 
tained by the death of several of its dbtinf^islted members, 
but which, he hoped, would be compensated for by the admis- 
sion of others, and the renewed exertions of those he now ad- 
dressed ; and he entreated them that, whatever differences of 
opinion might exist among them, they would carry on their 
discussions in the spirit of charity towards one another, bear- 
ing in mind that the discovery of truth, and not victort/, wits 
the object they had in view ; endeavouring to assist each other 
in their pursuits, and thus, by co-operation, striving to promote 
the welfare of the Society, and consequently giving encourage- 
ment to the Arts and Sciences, the object for which the So- 
dety was founded. 

The following communications were then made : — 

1. At the requHi ai Ihe Council, an Experimentftl Exposition of the 
Theorjr and Mechaniuu ni the Slettin-Eiigin« was giv«n b^ George Glovr>r, 
Esq., FJl.e.S.A., L«ctunr on Natural PhiloMphj' and Htdical Pbj'ucs. 
Ediabuigh. (829.) 
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Ux OloTW illntlnited the •ntrject bj a Tuiety of tablei, diagmnB, and 
w^Mcimenl^ ezhitdldng the varions CMitrilmlioiii which b«Te toaa tBKle to 
out knowledge of the expatuiTe eSecta of heat on elude flaid«, more espa- 
ciallyof ateaminfeiTiiig to the inTeati^ioiis of the late Prdesson Bobison 
»aA Black ; of Dalton and Gay LnsiDe on the laws of expansion, and the 
recent coneetiflci bf Kodibetf; ; the exp<»imenla of ITre and Soathem, uui 
the Beport by the Committee of the Frencb bi«titiite, on the claatio foree of 
h Lgh prestme Meam. Hr Olover then traced the historj of the stoaio-cmginv 
fnim the eall; records uf Its employment in the idolaCroas worship of tb« 
E^yptiana and Oreeka, down to its perfection by the gcniua of Watt, — al~ 
Iwliof cariondy to the TarioB* modificalionB it haa since nnde^one. 

Tlianki Toted, and giren to Ht Qlorer irom the Choar. 

II. The Bepovt'of ths Prize CoounittM, kwardins the Prices fer-Sesaion 
IG40-4I, wea Tead ; and the Piizea were delivered by the President to ths 
EUrcesaful Candidates. 

JIL The Modela, Drawings, &c. of InrentioDe, &c., for wbich the Prizca 
have been awarded wore exhibited. 

PHtTATB BUSIKBSfi. 

I. The following Candidates irere balloted for as Ordinary' 
FeIlo\Ts, viz. : — 

I. Oooglas Baiid, Baq., Ironmnaler, Oaitaherrie. 2. David Thonoon 
Hope, Eaq., Citil EnginMr, 8 Bnnel Straet, Liverpool. 

II. I-ists of the Fellows as at 1st November 1841, were 
kid on the THble ; and are to be circulated with the Faacicnlos 
of the Tran««ctioDB aboat to be issned. 

Ill- The Society elected the following Office-Bcarers fop 
Session 1841-42 :— 

The QuKEK, Patronea. 
Sir JoBK BoBHON, K.H^ F. R- S. £-, Prttidaa. 
JoHH SHi«K MoEB, Eeq., F.E.S.E. » yi^^..^.^^^, 

WllLIAM Gai-bbaitii, A. M., ( 

Jakbs Tod, Esq., W. &, fenWdry. 

JOHK 6c«Ti UoNCBiEFF, Biq., Aoooantant, TmuiaKr. 

Oritlnary Couneilhrt. 

C. H. WitaoK, A. B. S. A. Andmw Tawsb. 

AbBX. Bbtbox. Doaai.&s Ha«i,agaii, H. D. 

Alex. Boss. Ahdbbw Fvrs, M. D. 

W. Ckawpdbd. Gbohoe Olovbb. 

Chables Cowan. Eobbbt Wrioht. 

W:lliam Wooo. Abchs. Gibson, 

EUtoTof TraMa^ioMr-ti- Poniom, Esq., F. B. 8. B., 
CunXsr q^ ifuMiwi, (VacBBt till BewHTangementa be made.) 
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• 22rf Novemler 1841;— Sir John Robison, K.H., President, 
in the Ch^r. 

Before commencipg the business of the evening, the Prebi-! 
PBNT expressed the gratification he felt in beuig placed in the 
Chair of a Society in die welftire of which he had always taken 
a warm interest, having co-operated with Sir D. Brewster and 
Mr Guthrie Wright in its early organization, and having ac' 
companied it in its progress from small beginnings to the state 
of vigour and effidency which it bad now attained ; a state of 
pro^^rity, he observed, which was in a great measure owing 
to the unwearied assiduity of their Secretary, and to the zcai 
and talent of the successive Councils, and of his predecessors 
in the Chair, to whom the Society had intrusted the manage- 
ment of their afiairs. He added a hope that the progressive 
advance which had been made by the Society would be con- 
tinued, and that, with the augmented numbers and renewed 
activity of the members, they might anticipate a copious supply 
of valuable communications, from which large addititms mi^t 
be gained to their stores of useful knowledge. The Prcsidwit" 
then proceeded to add, that many well-informed persons doubt- 
ed the utility of sueh Institutions in promoting the useful arts. 
Thesepersonsenquire, "Where are the great inventions or im- 
provements whii^ such societies have produced {" To such per- 
sons he suggested it might he replied, that their view of the 
effects of such societies was a very limited one, and that they 
might with as little justice assert, that a whet-stone was of no 
use, because it is not applied directly to the fabrication of 
machinery ; yet without this whet-stone to prepare his instru- 
ments, the mechanic could not construct any of those machines 
which had raised Britain to its eminent rank among nations. 
It might not often be the interest of individuals to make such 
societies the channels by which their discoveries or improve- 
ments should be brought before the public; but it did not folinw 
that the first germs of their discoveries were not sown in such 
meetings, although the blossom and the fruit might ^pear 
elsewhere ; their meetings might he looked on as whet-stoncs 
of the intellect, and few persons who attended them would 
tay, that^ inHstening to the commnnicatiims read at them they 

D,g,l,..cbyGOOg[C 



^U PKoeeedingt of lh» Jtojfat ScopUhSoeitfy tf4ml 

bad not g&ined oseful knowledge, Or would deny that, in taking 
part in the discussions arising from this, valuable ideas had 
been excited in their own minds, which, bat for sach excite- 
ment, might have lain for ever dormant. He conchided by 
stating, that, in an account given in the London papers of the 
19th, of the rendezvous of the fleet of West India steam paek* 
ets at Southampton, there was a striking confirmation of tbe 
view he had taken of the effect of such societies. In this ac- 
count it is stated, " that these vessels, as they arrive at tbe 
rendezvous, are subjected to certain trials of their qnalides; 
and that three (which are there named) have proved very 
superior to the others.'' The President observed, that it so 
happened, that these three were constructed by the same per- 
son, a member of their own Society, who had discovered anew 
principle in naval architecture, which principle had been tested 
by an extensive series of experiments, made at tbe expense 
of the British Association for the Advancement of Science.- 
These circumstances, he considered, afiwded undeniable evi- 
dence of the positive good which is prodnced by the exertions 
of such societies, and an ample refutation of the doubts ex- 
pressed of their usefulness. 

The following addresses to Her Majesty tbe Queen, and to 
his Royal Highness Prince Albert, on occasion of the Birth 
of the Heir- Apparent to the Crown, proposed by the Council, 
were unanimously approved of, and ordered to be signed, 
sealed, and transmitted to the Secretary of State for the Home 
Department for presentation :— 

" Unto the Qdbbh'b Uobt Excbllbnt MAJsarr, 

The Humble Addrbbs of the Boyal Scomsn Sooibtt of Axta. 
" May it please your H^eaty, 
"We, the President and Fellowi of The Royai Scotluh Society 0/ Arlt, 
recently incoiponted by your Majeaty'i Boyal Charter, heg leav^ an out 
first Pablie Act under our Chirter, respoctfnily to appNoch your Hqjraty 
with the aaninnc« of onr aincera attachment to your Royal Fenoa aad 
OoTemment, and U expiMS loyally and fervently otu participation in Af 
great joy nith which the anapicious birth of a Fiince has filled all hesirts. 
United, aa we are, foi tbe encourRgemcnt and pramotion of the Uteful Artt, 
wo gratefully acknowledge the advantages which the benignant influence of 
our happy Can«Utution, under your Majesty's grscious away, has ever albrd- 
ed for the proaeontion of aseful stody, and the advancemant of art aa4 
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•eience, Wilh fmlioga, tUwafwre, of d»ep emotioD) w« legud th» prcsmt 
moat |>ropiLious events which gives to thU Empire ttnother security, that, 
Diidra the royal ibelter and patronage of your House, the cause of Science 
sad the Arta shall long continue to flooriah in tranquil prosperity. Most 
heartily we pr^ that a gndom Providence may larreund your Boyal Per- 
son and Family with orery blessing, and may long preserve your Majesty 
in tbe fulness of domestic happiness and of pablic glory to reign over a free, 
lojal, and religions people. r 

" Signed in our name and by our appointment, by the President, Vice- 
Presidents, Secretary, and Treasurer, and scaled at Edinburgh the .twenty- 
second day of November, in the year one thousand eight hundred and forty* 

(Signed) " John Bobison, Preiidmt. 
" J. 8. Udrb, Via-JPraidmt. 

©'' William Galbbaith, Vke'Presidtnt. 
" Jamsb Ton, Seerelary, 
" John Scott Moncbibpf, Treaiurer.'' 

Unto Field-Harshall Hie Eoyal Highness Pbikcb' Albbrt, K.O. &c. 

The Homble Address of the Roval ScotrisH Sociarr or Arts. 
" Hay it please your Hoyal Highness, 

" We, the President and Fellows of Tlie Hoyal Seottt'th $odtly of Arlt, 
desire respectfully to espress our faithfal attachment to your Boyal Person, 
and to ofTer our humble congratulations to your Royal Highness on tha 
auspicious event, which, by the birth of a Prince, has gladdened the hearts 
of the people of these realms ; aud which, in the merciful dispensation of 
Providence, has preserved unimpaired the health of your Royal Highnees's 
Consort, our most gradoos SoTereigu. We earnestly pray that the life of 
the illustrions Prince may be long and prosperous, and that evei7 member 
of tlie Boyal House, ofwhich we tmst he is destined to be a signal ornament, 
may be ever secure in the loyal afivctions of a hai^y people. 

" Signed in ow name, and 1^ oui appointment, by the President, Vice- 
Presidents, Secretary, and l^eosurer, and sealed at Edinburgh the twenly- 
•eiond day of November, in the year eighteen hundred and forty-one. - 

f L S J (Signed M above.) 

The following Communications were then made : — 

1. Description, with Di^nma, of a Portable Diorama, constructed by 
peoife Tait, Eeq. advocate. The Di(»ama was exhibited. Thanka voted, 
and abstract to he printed in the Transactions. (833.J 

2. Description, with a Drawing, of the Apparatus invented by him for 
turning on and abutting off the Gas which illuminates the Translucent Clock- 
Kal above hia shop. By Mr Robert Bryaon, clock and watchmaker, Prince's 
Street, Edinburgh. A fnll-sized working Model was exhibited. Thanka 
TOted, and t« be printed in the Uansactions. (834.) 
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8. Dooktioii.— Aitfcmomicftl CkmemiMiba made •! Uie Ito7»l ObaoValM^, 
Edinbargh. By TtumiM HmdecMB, Eaq. F.K^SJj. and E. Ac., Hv Ib- 
Juty's Aitronomer for ScoUaud. VoL IT. in 1838. Presented b; U>e 
Antfaoi. Thank* TOted. (83G.) 

4. Donation.— Tbe Cin I -Engineer and Aicbilect'a Jonnal, No&45, 47, 
48; Pneottod bjr Mr Knowlet. Thanki voted. (S95, 896, n7.) 

B. Donukm.— Ilie Cape of Good Hope Pamphlet, No. I.(1UI.) Pre- 
■enled 1^ Hr H. DempMer, the Author. Thanka roled. (821.) 

I. The following Candidates were elected Ordinary Fel- 
lows, viz. ; — 

I. Jamea Sanndera Bobertaon, Eaq. W.S., IC SotOh Chulotte Street. 

5, Mr John Hnghei, printer, 37 Eaat Claremout Streat 
3. Ut Chorlea Mai^horaon, printai, 37 Qeorge Street. 

II. Motion by the Secretary, — " That the sum of L. 15 be 
given out of the Experimental Fund, in aid of any subscrip- 
tions which may be raised towards enabling Mr Davidson of 
Aberdeen to construct an Engine of any kind on the large 
scale to be propelled by Electro-Magnetism, for the purpose 
of discovering the relation which may exist betwixt Size and 
Power. The money to be expended at the sight of a Com- 
mittee ; but Mr Davidson to be left uncontrolled hs to the 
method to be followed in bis experiments." 

The motion vras carried unanimously. 

III. In terms of Law XX., the Society appointed a Com- 
mittee to audit the Treasurer's Books, and to report thereon, 
and generally on the state of the Funds of the Society. The 
Report to be given in at the meeting on 13th December next. 
The books vrill be laid on the table. 

IV. It was stated that a Fasciculus, containing Part Y. of 
Vol. I., and Part I. of Vol. II. of tlie Society's Transactions, 
would speedily be delivwed by the Collector to Ordinary 
Fellows residing in Edinburgh. Those residing in the country 
were desired to apply for their copies to the Treasurer. 

\Zlh December 1841.— Sir John Robison, K.H. President, 
in the Chair. The following Communications were made : — 

1. On anevfonnof KoofingTile,receutlyiaTeu(«dinFrauee,iuutmg the 
advantages of more perfect protection from the weather, nith ft better ap- 
pearance and lesB weifiht than those now in use. Communicated by St 
John Bolnion, F.ILSJ:,, Prea. B.S.S. Arts. 

Spedmens of the IJlea and a Model of a Boof were exhibited. Thanks 
voted, and description to be printed in the Transactioos. (839.) 
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S. Deicription and'Draning of a Compensatiou-QoTemoT for the Steotai 
Engine. By Mr John Yale, 47 Sauchiehail Street, Glasgow. Communi- 
cated by John Scott Russell, Esq. F.B.6.S.A. Oieenock. Befeired to & 
committee. (BIS.) 

3. Description and Drawings of Improved Expanding Screw-Tap, Drill, 
and Mandrill. 'Brj the same. Commnuicated by Mr Scott Bugsell. 

The Screw-Tap, Drill, and Mandrill, were exhibited. Referred to a com- 
mittee. (e2«.) 

t. The Secretary read a paper, ou the Econom}' of raising Water from 
CoalMines on the Coraish princlpie. Commanicated by William Faitbaim 
Esq. engineor, Manclieater, Hon. MJR.S.S.A. (830.) 

The following donation nas laid on the table. : — 
Transactions of tho Manchester Geological Society, Vol. 1. 1B4I. Present- 
ed by William Fairbaim, Eaq. engineer, Manchester, Bon. M.B.S.S.A. 
(838.1 

The following Candidates were elected as Ordinary Fel- 
lows, viz. : — 

1. Mr John SteTenson Brown, iron merchant, 17 George Square. 
S. Mr James S. Duncan, bootmaker, 146 Prince's Street. 

3. John Steel, Esq. sculptor to her Majesty, I Randolph Place. 

4. George Tait, Esq. advocate, < Abercromby Place. 

In terms of a recommendation by the Council, Mr Alexander 
Kirkwood, Mease Lane, St Andrew Street (a Fellow of the 
Society), was appointed Medallist to the Society during plea- 
sure. 

The Secretary moved—" That six tickets of admission to 
each of the ordinary meetings of the Society be placed at the 
disposal of the Secretary of the Edinbui^h School of Arts, 
to be given to such of the students of that School as the re- 
spective lecturers may consider best entitled to them from 
good attendance and proficiency in their studies.'' 

This motion was carried unanimously, on the understanding 
that the tickets shall not be issued until larger accommodation 
be provided for the meetings of the Society. 

In terms of Law XX., the report of the Committee appoint- 
ed to audit the Treasurer's books, and to report thereon, and 
generally on the state of the funds of the Society, was read 
■aoA. approved of. Mr Home, Convener. 

The President granted discharge to the Treasurer in terms 
of Law XX. 
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lOM January 1842.— -Sir John Robison, K.H., President, in 
the Chair. 

An Answer was read from the Secretary of State for the 
Home Department, to the Society's Address to her Majesty 
the Queen on the birth of the Friace of Wales, stating that 
her Majesty had been pleased to receive the same very gra- 
ciously. 

An Answer was also read firom G. E. Anson, Esq. Treasurer 
to his Royal Highness Prince Albert, to the Society's Address 
.to his Royal Highness. 

The following Communications were then made : — 

1. A Model of au Appamtua for Tilling or Emptying Waggons at Uie 
-termination of Bailwaya was exhibited and deteribed by Janes Tliomson, 
Esq., Civil Engineer, Glasgow, F.R.S.S^.— Thanke voted, and referred to 
a committee ; and Mr ThomBDu was requegted to fumiah a mitten descrip- 
tion, with a diagram, for the Society's Tranaactiooa. (840.) 

2. On the use of Chlorine for ascertaining the illaminating power of 
Coal-Oas ; and on the comparative expense of IJght derived from different 
sources. By Andrew Fyfe, M.D., F.R.S.E., and F.B.S.S.A. The Bude 
Light and some others were ehewn.-^Thanks voted, and abstract to be printed 
in the Transections. (S46.) 

The EMthor first alluded to experiments made some yean »go, in which 
he proposed Chlorine as a means of aecerlaining the illuminating power of 
Coal-Qas, and he again adverted to the subject, owing to his having been 
lately engaged in an enquiry as to Che comparative illuminating power of 
gases derived bom difiereat BonrceB. In these trials, in addition to the nsnal 
test, by the shadow, he had again recourse to the action of chlorine, and in 
all his experiments he found the results to agree so nearly, that heconceivea 
that chlorine may !» emplojed with the most implicit confidence forindieat- 
ing the illuminating power ; which may be stated to be just as the amount 
of condensation. He afterwards lelated the results of trials made with the 
vitiw of findin g the comparative expense of lig^t derived from other sources, 
— as from a variety of candles made of tallow, wax, and other sahslances, 
and also from oils, consumed both in common lamps and in others with con- 
trivances adapted to them for the more perfect combustion of the oiL In 
all of these, he found the light from gas by for the cheapest. Next came 
the Solar lamp, and Naphtha, then the oils m Argand lamps, and lastly th« 
candles, of which tke tallow were tJie least ezpenuve, the wax and sper- 
maceti the most so. He also stated tliat the comparative expense of these 
would depend on the quality of the gas, which varies much in difibrent parts 
of the Kingdom, and hence the value of the chlorine test, by which the illu- 
minating powra of dlBerent gases could he easily ascertained. 

3. On a method of softening the tone of the Clarionet for chamber prac- 
tice. By Mr William Meikle, Town-end, Strsthaven. Muted clarionets. 
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oa di&ront ke;8, were exbiluled.— Thonka voted, and teTertBd Ui a Com- 
mittee. (Si4,) 

A. Sescripuou of a Sailing Vessel on a new conBlTDctiou snd Big, capable . 
of performiiig a graalernnmber of evolutions, and more rapidly, than TOBseJa 
on the common construction ; the Rig being safe, powerful, and ban^f' By 
Hr Henry Dempaler, Mariner, Kinghom. A model of the vessel was ex- 
hibited. — Thanks voted, and referred to a Committee. (S4S.) 

The following Donations have been received ; — 
1. Specimen of Jorquaid Loom- Weaving ; being a copy of an engraving 
from Steuben's picture of the Emperor Fetor the Great in a fisher's boat in' 
a storm ; woven in silk with a warp of inferior quality, at the imperial taanu- 
factory of Alexandrosch, near Si Petersburg. Presented by General Alex- 
ander Wilson, Hon. H.B.S.aA Thanks voted, (890.) 

S. Printed Description of the Houocleid Writing C^in^ invented by 
Mr Tbos. Sopwith, CB. Presented by "iSi John Sopwith, Neweastle'on- 
Tyne.— Thanks voted. (823.) 

3. Printed DescripUon and Diagrams of Tayler'e patent Floating Breaji,- 
water, and Prospectas of the Notional Floating Breakwater and Befogs 
Uaiboor Company. (1841.) Preaented by James Saunders Bobertson, Ebq. 
W.S, F.B.S.S-A.— Thanks voted. (8470 

PRIVATE BUSINESS. 

I. The following Candidates were balloted for and elected 
as Ordinary Fellows, viz. : — 

1. Hr John Taylor, Cabinet and Picture-frame maker, 55 Qeorge Street. 

2. William Drysdale, Esq. Assistant Clerk of Session, 3 Hart Street. 
II. Mr Samuel Leitb, Lithographer, South St Andrew 

Street, Associate, having expressed his desire to become an 
Ordinary Fellow in terms of Law V. was enrolled accordingly 

24M January 1843— William Galbraitb. A.M.. F.R.A.S.. 
Vice-President, in the Chair. The following Communications 
were made : — 

1. Part First. On the i-oriahlo Specific Gravity of the Uaman Body, 
and on some new principles considered in the mechanism of Dtawning. 
By Oeorge Glover, Esq., F.R.S.S.A., Lecturer on Natural PliiloK^hy, 
Edinburgh.— Thanks voted. (8G6.) 

Part Second to be given on a future occssion, 

S. Specimen of Scotch Ultra-Marine. By Uc Murdooh Faterson, dyer 
Inverness, Baferred to a Committee. (628.) 

3. An account of H. Trigei's method of Sinking Pits in moveable or 
natery sands on the Loire, by means of compressed air. TranaUted froln 
Report of the Meeting of the French Academy of Sciences of 3d November 
1841, by J. Mitchell, Esq., Leitb. Communicatsd by Wm. Galbroith, A.M. , 
y.P.B-S.S.A.— Thanks voted. (IMl.) 
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t. Dascription, with a Drawing, of a Self-kcting Stopper for Windmg- 
EngiiieH. Bj Hi John Maston, engineer, Greenock. Communicated bjr 
Jobs Scott Boaaell, Eaq-, F.R.SS.A-, Oreanodc — Hefansd to a Comnit- 
tosb ' (836.) 

5. Dr Fyfe made a few additional observations on the enbject of bis 
Faster on the comparative ezpense of Liglit from Gae, Oil, Candles, &c. 
(846.) 

6. PropoBkl for a Sjatem of Signals to proTent colliaion npon BailwaTs. 
Bf Jamea Boberttou, Esq., dvil and mining engineer, Edinburgh. — Befeired 
to a Committee. (849.) 

7< On his application, penuisfion nas given to Hr H. Dempster to with- 
draw for the present his Sailing Vessel on a new construction and rig. (845.} 
The following Donations were laid on the table :— 

I. Lectures on Agricultural Chemistry and Goologj, No. V. (Julj 1 841.) 
B7 Jis. F. W. Johnston, H.A. Unircrsity, Durham. Presented by the 
Author.— Thanks voted. (824.) 

3. The Oivil Engineei and Arcliilect'a Journal, No«. SO and 51. Present- 
ed by Mr KnOwles.— Thanks voted. (843.) 

PRIVATE BUSINESS. 

I, The following Caadidates were elected Ordinary Fellows, 
vi«.: — 

1. John Oilleepie, Esq., 44 Castle Street. 

a. Bt Alexander Kay, plumber, 144 Prince's Street- 

14/A February 1842.— Sir John Robison, K.H., President, 
in the Chair- The following Communications were made : — 

I. Part Second of Mr George Glover's communication on Drowning. 
(8*6.) Thanks voted.— Part Third, on the best means of BesuscitaUon, to 
be given at next meeting. 

3. DescripUon of a simple and accnrate Instmment, adapted to the for- 
mation of ftne hinges. By Mr John Shearer, 84 George Street, Edinbnrgh. 
Hie tool was exhibited, and its application shewn. Thanks voted, (8U.) 

3. A Safe^-C^te, Ac, for skaters and others frequenting the jc«, or tra- 
velling by water, were exhitdtod and described by James Simpson, Esq. 
advocate. Thanks voted. (865.) 

4. Bpecimnu of Sheet Caoatchouc, prepared in London by an improved 
process, were exhibited byHr James Dowie,boot4Daker, London and Edin- 
burgh, F.R.S.S.A. Thanks voted. (854.) 

t. The Oxyhydiogen Blow-pipe and otherforms of Blow-pipe« suited to 
the purposes of jewellers, goldsmiths, cutlers, and other artists, and fet 
being used with coal-gas along with atmospheric tit. were exhibited by Sir 
John Robison, K.H., President K.S S.A., Hr George Glover, and Mr Williun 
Kirkwood, plumber. Thistle Laao, Edinbnrgh. The Blow-pipes of Sir John 
Bobison and Mr Kirkwood, fitted for being used with coal-gas and common 
air, were considered to tw well adapted, not only for soldering, but for tfaft 



■ Google 



Pre€eeding» of the BogtU Scottish Society of Arti. 413 

tempering of eteel tools, m it can be leai when the steel acqaireB the iwo- 
per tempentnTe, uid thus rendering it nnnecestsj; to bring back the tern- 
pez, which is verj hnttful in man; cases. Thanki Toted to the exhibitors. 
(866, 867, 868.) 

6. Mqor Playfair exhibited some boaatiful specimens of DaguerreotTpe 
Fortruls, eieoated l^ H. Clsndet, at the Adelaide Qnllery, London, bjr ths 
Befracting Camera. Thanks Toted. (869.) 

The following Donations were laid on tlie table : — 
1. The Ciril Engineer and Architect's Joumal, Nob. 46, 49, and 63. Pre* 

eented bj Hr Knowles. (8(i0,) 

3. Beporl of ft Conunittee to the Lord MBjar, &c.of London, on theuai> 

sance arising from the Smoke of Manufactories and Steam-Enginea. Fro' 

aented by Henry Woodthorpe, Esq. (8S2.) 
3. Trigonometrical Sniyejiug, LerelliDg, and Bailirft}' Engineering. By 

William Galbraith, M.A., FJt.S.g.A., F.B.A.S. 1B42. Presented by the 

Author. (861.) 

Thanks voted to the donors. 

PBIVATX BUSINESS. 

The following Candidates were balloted for, and elected as 
Fellows, viz. : — ■ 

I. Hr Paul Crawford, agent for Falkirk Iron Company, St 0eo. IV. 

3. Ui Robert Mnller, artist and pianist, 37 George Street. 
•I. Mr William Coshnie, Ualta Green. 

4. Hr William Croall, coach-builder, 31 Bronghton Street. 

II. On the motion of the Council, the following diBtinguish.> 
ed foreigners were elected as Honorary Members, viz.: — 

1. U. 1o Baron Thenard, Membre de la Sociite d'Enconragement jionr 
llndnstrie Nationale do Paris. 

3. M. le Baron S^nier, do. do. 

3. M. Pooillet, Membre de I'Academie des Scigncjs de I'Institut, Prof, 
de Physique au Couserratoire des Arts et Metiers. 

29,th February 1842.— Sir John Robison, K.H., Presi- 
dent, in the Cbair. The following Communications were 
made : — 

1. I>escription,with Drawings, ofa Brine-Gauge, or Salinoniotor,for indi- 
cating tikt degree of sataration of the brine of Marine-Boilere. Invented 
by John Scott Itnssell, A JI.,F.R.S.S. A., civil engineer, Greenock. Thank* 
voted, and to be printed in the Transactions. (876.) 

3. On Improvements of the Solar and Oiyhydrogen Microscope, Polaris- 
cope, Ac. By Hr Thomas Davidson, optician, Edinburgh, F.B.S.S.A. 
Referred lo a coinmittee. (8&7>} 

3. Third Notka en the Hechaaical Aria of Persia, indnding CHMntiri -, 
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SiniUi-i|oi^> Taniiiig> Stoae-cutUng, Uilla, and Wi>tGr-notks- By James 
Bobertton, £Bq>, civil and mining engineer, Edinburj^h, Ute in the eemce 
of Uie Shah of Persia. Diawings were, exhibited. Thanki votedi Ab- 
•tract to be printed in the Transsciiona. (8430 

4. Sgme beaqtifol Spedmens of ElMtrotype Hedalt, Ac, by Mi More 
of Qlaagow, wore exbilated bj Mr Brysoa, Thanks Toled. (88Q.) 

The following Donations were laid on tiie table : — 

1. New Tables of the Elements of Catadioptiic Zones for Lights of the 
first Older. Calcntated by Alan SteTeD»on,LL.B.,F.R.8.£., civil engineer, 
Edinburgh. Presented by the Anthor. (868) 

3. Deecription of a Cofferdam adapted to a hard bottom ; nsed in excavat- - 
ing rock firom the navigable channel of the Btvw Bibble. By Dsrid Ste- 
v'enEOD, Esq., F.B.S.9, A., ciinl engineer, Edinburgh. Presented b; the AU' 
thor. (8«4.) ■ 

3. B^slmtion of Designs in order to seenre Oopyrights. By Mr Wil- 
liam Caipmael, Lincoln's Inn. (London, 1849.) Presented by Thomas 
Weir, Esq., W.S. (869.) 

Thanks were voted to the donors. 

pritjlti ■uaiMBaa. 
The following Candidates were balloted for, and elected as 
Fellows, viz, : — 

1. Mr John Dickman, vatofaraaker, 142 George Street. 

2. Mr Joseph Martin Kronheim, ornamental desi^er, 9 Baccleucb 
Place, 



Li$t o/PatmU granted /or SS(ttland Jrtm 29th June to 20tk Sep- 
tember 1842. 

1. To JoaN Amebiccs Faksbawe of Hatfield Street, in the parish of 
C3iriet-Church, in the county of Surrey, genileman, " an improved mannfac- 
tnre of waterproof material applicable to the purposes of covering and pro- 
tecting surfaces, bodies, buildings, and goods, exposed to water and damp."— 
29th Jone 1842. 

2. To Jauks Botdsll junior, of the Oak Farm Works, near Dudley, in 
the county of Stafford, iron-master, " improvements in the manufacture of 
keel -plates for vessels, iron-gates, gate-posts, fencings, and gratings." — 3Qth 
June 1B42. 

3. To Michael Coupland of Pond Ysrd, Park Street, Sonthwarh, mill- 
wright and engineer, " improvements in fnmaces." — 30th June 1842. 

4. To Thoxab Banks of Manchester, in the (bounty of Lancaster, engineer, 
" certain improvements in the construction of wheels and tyres of wheels to 
b« employed upon railways." — 6th July 1842, 

5. To John Trbsahah Jeffreb of Blackwall, in the county of Middle- 
sex, engineer, " certain improvements in iifting and forcing water and otlicr 
fluids, parts of wliicti improvements are applicable to steam-engines." — Gilt 
July 1842. 

6. To James NASMirtu of PiUriciofl, neat MuBchester, in the ^oonty of 

Cockle 
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Laneaiter, ntgiiie«r, " certND improTemeTita iu machinery, or appu-fttns Tor 
facing, ibunpiDg, tmd eattlng iroD and othnr snbBlaitctB.*' — 7th July 1848. 

7' To CHABI.BS AuousTua Preller of East Ch^p, in tlie city of LoD* 
don, merchBtit, being a commuQication ttota alvoad, " improremanta in ma- 
chinoy fbi preparing, combing, and drawing wool and goats' hair.'* — 13tli 
JqIj 1842. 

S. To WiLUAX BavxLL VioBBB of BaaseU Square, in the countj of Middle- 
sex, Esquire, being a commnnicadon from abroad, " a mode of keeping 
the air in confined places in a pure or respirable ttate to enable persons to . 
remain or work under water, and in other plscea, without a cortilant supply 
of fresh stmoapheric air."— ISth Julj 1843. 

9. To OoTTLiEB Bocciua of the New Road, Shqiberd's Bush, in the 
county of Hiddlesex, gentlemttn, " certain imprOTements in gaa, and on the 
methods in use, or burners, for the combustion of gas." — 14th July 184S. 

10. To John Hall of Breezes Hill, Eatdiff Highway, in the oonnty of 
Middlesex, sugar-refiner, " improvements in the construction of boilers for 
generating steam." — 18th July 1842. 

11. To JoHNELLiorrFozof Finsbury Circus, in thecity of London, gen- 
tleman, being ft communication from abroad, " improrements in steam-en- 
gines. "—18th July 1842. 

12. To WiLLTAK Newton of the Office for Patents, 60 Chancery Lane, 
in the county of Middlesex, civil engineer, being a communication from 
abroad, " certain improved machinery for excavating, dredging, and remov- 
ing earthy and stony mattera in the construction of railroads, canals, cleaning 
of livers, harbours, and redeeming of marshy or alluvial soils ; also for 
boring rocks, indurated clay, and other earthy matters, for the pnrpoae of 
blasting and removing the same, the whole lo be worked by steam and other 
power."— 26th July 1W2. 

13. To Thouas Hskdst of Ola^ow, Scotland, mechanic, " certain im- 
provements in machinery for preparing and combing wool, and other fibrous 
materials."— 97th July 1842. 

14. To Thomas Watbbhocbb of Edgeley, in the county of Chester, ma- 
nufacturer, " a certain improrement or improvements in machinery used for 
carding, drawing, and roving cotton, wool, flax, silk, and other similar filnvus 
material."— 27th July 1842. 

15. To JoBN OsbaLdbston of Blackburn, in the county of Lancaster, 
metal heald-maker, " improvements in looms for weaving.'' — 39th July 
1842. 

18. To WiLLiAu Gbbvbs of Old Cavendish Street,'in the county of 
Middlesex, gentleman, "improvements in machin^yfor cutting cork."— 
29th July 1842. 

17. To JoBN WoovcocK of Manchester, in the county of Lancaster, 
mill-wright, " certain improvements in the construction of steam-engines." 
—let August 1842. 

18. To Albxamdeb Johnston of Hillhouse, in the county of Edinburgh, 
Esquire, " improvements on carriages, which may also be applied to ships, 
boats, and Tarions other purposes where locomotion is required."— 2d August 
1843. 

19. To JuLiDS Setbell of Golden Sqnare, Westminster, in the county 
of Middlesex, manufacturing chemist, " certain improvements in the manu- 
factnre of snlpliatc of soda and clilorinr."— lltU August 1842. 
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20. ToBsHJAHtH BiBAMof WeQtwOTth,intlieeonDtyof¥ork,com«ry- 
viewer, " eertun impmvemeiiti in the constmction ami appUcatioti of to- 
Urj engine*."— 11 lb August 1843. 

91. To WiLLUU Hancock the youngei, of Amwell Street, in the county 
of Biliddlesez, gentleman, ** certain improvement in combB oad brushes." — 
16th August 1842. 

32. To John Akthoht Tielens of Fenchnreh Street, in the laij of 
London, merchant, being a communication from abroad, " improTBmenls in 
machinei? or ^iparatns for knitting." — S2d August 1843. 

33. To Job CoTLBtt of Lady Pool Lane, in the borough of Birmingfaam, 
gentleman, " improrements in the couBtmction of tubular flues for tleam- 
boilers, and in the manuCactare of tubes for snch and other purposes." — 33d 
Angiut 1843. 

34. To Hesbt Baiiclat of Bedford Bow, in tbe county of Middlesex, 
dentist, " a composition or compositions applicable as tools or instruments 
for catting, grinding or polishing glass, porcelun, stones, metals, and otbei 
bard sabBtance8;"^3Gth August 1813, 

8B. To Wii,LiAM Bdwabd Nbwton of the Office for Patents, GO Chan- 
G«ry Lane, in the county of Middlesex, cinl engineer, being a communica- 
tion from alHoad, " improvements in macbinery or apparatus for making or 
manufacturing screws, screw-ldanks and rivets." — 31st August 1843. 

36. To EnoBNB sb Varboc of Bryaustone Street, Portmau Square, in the 
county of Middlesex, gentleman, " apparatus to be applied to cbioineys to 
prevent their taking fire, and for rendering sweeping of chimneys unneces- 
sary."— 1st September 1842. 

37. To Thomas Mabsdbn of Salford, in tbe county of Lancaster, mn- 
cbine-maker, and Soi,OMat< Bobinson of tbe same place, flax-drsssei, " im- 
provements in machinery for dressing or hackling flax and hemp." — 1st Sep- 
tember 1843. 

28. To Saxubl Uoband of Mancbester, merchant, " improvements in 
roacbinery or apparatus for stretching fabrics." — 1st September 1843. 

39. To WiiLiAH Heust Kekpton of South Street, Fentonville. in tbe 
county of Middlesex, gentleman, '' improvements in the manufacture of 
candles."— 3d September 1848. 

30. To John Obobgb HuaHEs of No. 168 Strand, in the county of Middle- 
sex, general ^ent, " a new application of telegrapbic signals, and tbe mode 
of ai^lying the same." — 3d September 1842. 

31. To JosBFB Whitwobth of Mimcbester, in the cvnnty of Lancaster, 
engineer, " certain improvements in machinery or apparatus for cleaning 
roods, and which macbinery is also applicable to other similar purposes." — 
—3d September 184X 

32. To JOHK Thouas Betts of Smtthfield Bars, in the city of London, 
gentleman, being a commonication from abnad, "improvements in cover- 
ing and slopping the necks of bottles and other vessels." — 8th September 
IB43. 

33. To Ibhah Baoos of Wharton Street, in the county of Middlesex, 
chemist, " improvements in obtaining motive power by raeons of carbonic 
acid."— Stb September 1843. 
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AgkSBiz, ProfeiBor, on the glacial theory anA its recent progress, 217. 

— ■ Professor, his theory of (fUoiers, examined by Pi-ofessor 

Broon, 36. 

I Professor, on the succeuion and development of orgtuiised 

beings on the globe, 388. 

his recent obserrations on the gUcler of the Aar, 399. 

Air-passages, their ultimate distribution, and the mode^ of fomw- 
tion of the ur-cells of the lungs, b; 'William AddieoD, F.L.8., 
Ac.. 207. 

Alps, geological structure of, by M. Studer of Berne, 144. 

Arago, M., on Nebula, 307- 

on the Milty Way, 326. 

AsbestuB of Sehanenstein. in the Ziller Thai in the Tyrol, its com- 
position, 203. 

Barry, Martin, Dr, his additional obserrationB on fibre, 192. 

Borneo, on the occurrence of platina and diamonds there, 284. 

Bowerbanh, J. S., Esq., on the organic tissues in tlie b^ny structure 
of CorallidsB, 20e. 

British fossil reptiles, account of, by Professor Owen, 66. 

Bronn, I^fcesor, on some geological and physical considerations con- 
nected with certain portions of the glacier theory of M. Agasgiz, 
36. 

Bryson, Mr B., on a new method of illuminating church clocks, 293. 

Buchanan, George, Esq., civil engineer, bis description and uses of 
his protracting table, 140. 

Bude-light, report on the, by Andrew Ure, M.D., 91. 

(^rpentier. Jean de, on glacien, and the erratic formation of the 

Bhone, 104. 
Climate of Egypt, remarks on, by Joseph Busse^er, Austrian conn- 

ciUor of mineE, 93. 
Cool and coke, their comparative evaporatiTe power, by Dr Fyfe,31. 
Copper, native, in North America, its geognostic position, 201> 
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ConOiiK, the organic tiasnes in their boo; stnietiuie, bj J. S. 

BowerUnk, ^. 206. 
Crttter, Great, oT the Voleaiw io Hkwaii, 202. 

Cnutaceft, six new species of, deaeribedibj Henry Goodsir, Esq., 174. 
Cnistaoeoiu animals, new.apedfla «f^ described, t^ Henrj Goodsir, 

Dalmaho;, James, Esq., on the caoM of ibe diminirtuMi of the fall 
c^ rain aa the height ahore the ground inonaaes, lO. 

Darwin, Charles, Esq., oa the ancient ^noera of' Chiwnarrorafain - 
362. 

Diamonds, their oc cur rcn M in Borneo, 284. 

Diorama, portable, bj George Tait, Esq. adTOote, 64. 

%jpt, ite dimate, eonsidered bj 31. Jose^ Hiuaqtgor, AnstriaB 
Couocillor of Mines, 93. 

Egg, the metamorphoses of the, in the Caligiu, Carcinna, and Pa- 
gums,, by H. D. S. Goodair, Esq.. 174. 

Embryology, extracts from Professor Valentin's rap«t on. 368. 

Earthquake shocks, notices <a, by D. Miln^ Esq.. S7S. 

Emtic fonnatttm of the buin of the Rhone, by J. de Charpentier, 
104. 

Fibre, additional obserrations on, by Dr Martin Barry, 192. 
Foraminifen, fossil, in the green sand of New Jersey, America, 

noticed, 205. 
Forbes, Professor, account of his recent obEervations on Gladeni, 

338. 
Fyfe, Dr, on the comparative evaporative power of coal and of coke. 31. 
. ' I — on the prevention of smoke and economy (J fuel by tlie 

use of Gteam, in the patent process of Ivison, 61. 

Geological ineeting at Aix. S04. 

— ■■- structure of the Alps, by M. Studer 6( Berne, 144. 

Geognostical position of the numerous' masses of native copper in 

Korth America, 201. 
Gcokronito, a new species of mineral described, 204. 
Glacial theory, the, by Professor Agassiz, 217. 

' ■■■ account of the, by R. I. Murchtaon, Esq., 124. 
Glacier of the Anr, Professor AgassJi on the, 399. 
Glaciers, recent observations on, by Professor Fwbea, 338. 
ancient, of Caernarvonshire, notes on them, by Charlea 

Darwin, Esq., 352. 
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Glaciers, theory of their fonn&tioii, by Sir Q. & Mammae, 

F.B.S.L. & Ed., 1. 

EB8»y on, by J. de Charpentior, 104. 

■ ' ■ ' ' ■- observations on, by Frofesaor Bronn, 3fl. 

Cr«U cryAtUlized, Mconnt of, 203. 
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Fortt, 36S. 
Coodsir, John, Esq.. M.W.S., on the stnicture of the iotestinaJ viUi 

■a man, and ceiialn of the mammalia, with MMne Dbservalions on 

digestion, and the absoiption of diyle, 165. 
Gray, Lord, his meteondogical table for 1841, 195. 

Hawaii, its great crater described, 202. 

Hopkins, Hr, on the influeoce of mountains on temperature in tho.-' 

winter in certain parts of the northern hemisphwe, 88. 
Hood, Charles, Esq., on some peculiar changes in iron, 286. 

Illuminating church clocks, a new method of, by Mr Bryson, 293. 

Jamesonite, new localities of, 203. 

Mackenzie, Sir George, his bjrpothesis to itccoont for the origin of 

glaciers, 1. 
Meteorological table, 196. 
Itf Uky Way, oo the, by H. Ango, 326. 
Milne, David, Esq., his notices of earthqiu^ shockR, 372. 
Molcules, on a re-arrangemen;t Df, in a body after solidification, by 

B. Warington, Esq., S92. 
Morton, S. G., M.D., his remarks on the ancient Peruvians, 335. 
Mountains, influence of, on ten^rMnre, Sy Mr Hopkias, 88-. 
Murchison. B. I., Esq,, on the glacial theory, 124. 

iTebulce, on. by M. Arago, 307. 

Qwen, Fntfessor, on British tomi r^ea, 66, 

Patents, list of new, Sll, 414. 

taving streets, improvement in, 208. 

Persia, on the mechanical arts of, by James Bobertson, Esq., 296. 

PeruTians. ancient, remaiks on them, by Dr Morton, 336. 



natiaa, ita oeenrmKC in Bonteo, 261. } 

Ptotnctiif taJAe, Mr Bnrhanan's, 140. 

PnUioticDB. new. 210. 

Baint OB tbe diininntioD of. u the heightabove the ground inereuMi 

1^ Jmim Ddmaho;. Esq.. 10. 
BMa-gauges, on tbe imperfections of, hj T. Sterensoii, Esij., 12. 
Beptilea, focul, ot Britain, aeeonnt of, by Prafessor Owen, 65. 
Robertson, James. Esq., on the mecbanieal arts of Ferua, S96. 
Rnssegger, Joseph, Austrian connriltor of Hioea, bis remai^ on 
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